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Abstract 
In Australia, anxiety disorders are the most common mental health problem 
experienced by children. Clinically significant anxiety in childhood comes with enduring 
social-functioning and academic personal costs, as well as societal economic burden. My 
thesis aims to add to our understanding of the populations at risk of developing anxiety 
disorders, with the aim of informing targeted intervention and prevention. 
The Developmental Origins of Health and Disease (DoHAD) framework posits that 
exposure to prenatal maternal distress (e.g., maternal anxiety or depression, emotional 
response to life events) has enduring effects on child development, including the 
development of anxiety symptoms and internalizing behaviors (herein referred to as 
“anxiety symptomatology”). Few studies have examined the relationship between prenatal 
maternal stress and child anxiety symptomatology in a way that disentangles prenatal 
effects from mother-child heritability effects (e.g., by using a natural experiment design). In 
a separate but potentially highly-related line of research, developmental psychopathology 
research suggests that early child temperament and parenting behaviors play a role in the 
development of anxiety symptomatology. Whether these factors, or their interplay, explain 
the development of childhood anxiety symptomatology following in utero exposure to 
maternal stress in pregnancy is unknown.  
My thesis examines models of anxiety symptomatology development in childhood, 
in a cohort of children exposed in utero to disaster-related maternal stress. I first look to 
investigate the relationship between different aspects of disaster-related prenatal maternal 
stress and child anxiety symptomatology. I then examine toddler temperamental 
characteristics as identifiable vulnerability markers of later anxiety symptomatology 
development, following exposure to prenatal maternal stress. Finally, I examine the role of 
parent-child interactions in the development of anxiety, following prenatal maternal stress 
exposure.  
In January 2011, the Australian state of Queensland experienced a severe flood that 
saw 78% of the state declared a disaster zone. The QF2011 Queensland Flood Study 
recruited pregnant women shortly after the flood (N = 230). At recruitment, mothers’ 
objective exposure to the floods, subjective stress (peritraumatic distress, peritraumatic 
dissociation, and post-traumatic stress symptoms), and cognitive appraisal of the flood’s 
impact were assessed. Maternal reports of toddler temperament (attentional control, 
negative reactivity, shy-inhibited behaviors) were collected at 16 months (N = 146) and 30 
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months (N = 133) via the Short Temperament Scale for Toddlers (STST). Child anxiety 
symptoms at age 4 were assessed using maternal (Child Behavior Checklist; CBCL/1.5-5; 
N = 118) and teacher reports (C-TRF/1.5-5; N = 92) of internalizing behaviors (withdrawal, 
anxiety, depression, and somatic complaints), as well as maternal reports of specific 
anxiety symptoms (Spence Preschool Anxiety Scale [SPAS]; 117). Observational videos of 
the maternal parenting styles (overcontrol, negativity) directed towards the child during a 
challenging puzzle-task were coded at 4 years (N = 109). At 6 years, 124 mothers reported 
on their child’s specific anxiety symptoms (SPAS). Information on maternal psychosocial 
factors during pregnancy and the postnatal period were obtained. 
At 4 years, greater maternal objective hardship due to the floods (e.g., financial 
burden, property damage) during pregnancy predicted greater maternal-reported anxiety 
symptomatology. Children whose mothers were exposed earlier in gestation to the flooding 
displayed more specific anxiety symptoms. Higher levels of negative reactivity in toddlers 
(16 months) accounted, in part, for the relationship between increased maternal objective 
hardship due to a flood disaster and higher levels of maternal- but not teacher-reported 
internalizing problems. At 30 months, greater exposure to maternal subjective stress in 
pregnancy was associated with less shy-inhibited behaviors. Unlike at 4 years, PNMS 
exposure did not predict anxiety symptoms at 6 years. The development of 6-year anxiety 
symptoms was not predicted by interactions between PNMS-exposure and parenting 
behaviors, nor early predispositions of shy-inhibited behaviors and parenting behaviors. At 
6 years, only poor concurrent maternal mood predicted greater anxiety symptoms. Overall, 
pathways were dependent on the type of maternal stress experienced, toddler temperament 
profiles, and dimension of anxiety symptomatology (i.e. internalizing behaviors versus 
anxiety symptoms).  
My thesis uses a novel, innovative design to disentangle the unique effect of 
prenatal maternal stress on both child development and maternal parenting. The findings 
further our understanding of the many and varied developmental pathways of anxiety 
symptomatology, with a focus on conceptualizing the development of anxiety 
symptomatology as beginning prior to birth. Together, the studies highlight the salience of 
exposure to hardship due to an independent stressful event in pregnancy as a vulnerability 
factor in the development of early toddler temperament and anxiety symptomatology, 
independent of subjective stress from the event. Discontinuity of PNMS effects across 
development highlight the need to investigate the trajectories of anxiety symptoms across 
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later childhood and adolescence, as well as potential moderators and mediators of PNMS 
effects across development. My findings illustrate the complexity of understanding the 
origins of childhood anxiety symptomatology. Finally, my research encourages discussion 
of how best to promote and deliver early prevention and intervention for at-risk children, 
especially in the wake of a natural disaster.  
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Preface 
Anxiety symptoms and internalizing behaviors (referred to within this thesis as 
“anxiety symptomatology”) typically begin in childhood (Kessler, Chiu, Demler, & 
Walters, 2005). It is alarming that children with clinically significant anxiety are at greater 
risk of developing co-morbid depression and substance abuse problems (Conrod & Stewart, 
2008), and have poorer academic outcomes during later childhood and adolescence 
(Breslau, Lane, Sampson, & Kessler, 2008; Mychailyszyn, Kendall, & Mendez, 2010). 
Beyond genetic heritability, research has investigated physiological, behavioral, and 
environmental vulnerability factors that may impact the development and maintenance of 
childhood anxiety symptomatology (Adam et al., 2017; Kiff, Lengua, & Bush, 2011; 
McLeod, Wood, & Weisz, 2007; Middeldorp et al., 2016; Negreiros & Miller, 2014; Ryan 
& Ollendick, 2018; Slagt, Dubas, Deković, & van Aken, 2016; van der Bruggen, Stams, & 
Bögels, 2008; Yap & Jorm, 2015).  
Theoretical models of the development of anxiety symptomatology suggest that 
child factors (e.g., child temperament or anxious behaviors) and parenting behaviors 
(overinvolvement, negativity) are involved in the development and maintenance of 
symptoms (Chorpita & Barlow, 1998; Rapee, 2001). In a separate line of research, 
researchers look to understand how exposure to prenatal maternal distress (PNMS) might 
alter a child’s development, making them more temperamentally reactive and dysregulated, 
and increase the likelihood that a child will experience anxiety symptomatology (van den 
Bergh et al., 2017). Research across both fields has tended to explore the unique effects of 
each psychosocial factor in isolation, with less emphasis on how endogenous (within) and 
exogenous (external) factors may work together in the development of symptoms across 
childhood. Integration of these two fields of research is not only intriguing, but also 
necessary for the development of a comprehensive understanding of early influences on 
child anxiety development. It is likely that psychosocial factors act sequentially, in parallel, 
and interactively in the development of childhood anxiety following PNMS exposure.   
PNMS prospective-longitudinally studied cohorts may afford us the ability to 
examine longitudinal models of child anxiety symptomatology, with an added critical focus 
on the prenatal period. However, due to ethical constraints, observational research designs, 
traditionally used to examine the effects of PNMS on child developmental outcomes are 
unable to draw causal conclusions as to the role of specific vulnerability factors in the 
development of psychopathology (S. J. Lewis, Relton, Zammit, & Smith, 2013; McLean, 
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Cobham, & Simcock, 2018). Most importantly, child genetic liability that may influence 
the child’s risk of symptoms, as well as parent-child interactions throughout development, 
hinder causal predictions (McAdams et al., 2014). Particularly pertinent to studies 
examining the effects of maternal mood (e.g., anxiety, depression) in pregnancy, 
observational research designs are limited in their ability to determine whether the 
influence of maternal stress is indeed specific to the prenatal period (Smith, 2008). 
Maternal mood may have originated in the preconception period and may persist into the 
postnatal period (Kingsbury et al., 2016). Finally, other co-occurring and enduring risk 
factors (e.g., maternal age, education status) mean that such research designs are hindered 
in their ability to disentangle the unique and causal roles of endogenous and exogenous 
vulnerability factors in the development of childhood anxiety, following PNMS exposure 
(S. J. Lewis et al., 2013; McLean, Cobham, & Simcock, 2018).  
Natural disasters have a sudden onset and are random. Exposure to a natural 
disaster is quasi-randomly allocated and largely independent of genetic or psychosocial 
factors. A handful of studies have looked to examine the effects of a natural disaster during 
pregnancy on both the mothers’ psychosocial functioning and their children’s development 
(Brock et al., 2014; King, Dancause, Turcotte-Tremblay, Veru, & Laplante, 2012; King et 
al., 2015; Yong Ping et al., 2015). Natural experiments such as these, therefore, afford 
researchers the ability to examine the role of a prenatal exposure on mother and child in the 
prenatal period, as well as the ongoing interplay between mother and child. The role of 
such factors is largely independent of the many confounds present within observational 
research designs. A greater understanding of the interplay between vulnerability factors in 
the development of childhood anxiety will bring about opportunities for the development of 
targeted and timely intervention for those at risk.  
My thesis 
In my thesis I integrate and inform two separate bodies of literature: The 
Developmental Origins of Health and Disease framework (DoHAD) and the developmental 
models of childhood anxiety. I conceptualize the origins of anxiety disorders as beginning 
in the prenatal period and look to understand the role of specific psychosocial mechanisms 
underlying this association. To do so, I investigate the role of the endogenous and 
exogenous factors that may underlie the development of anxiety symptomatology in 
children, following in utero exposure to a natural disaster. My thesis takes the following 
format:  
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Part I: Prenatal maternal distress and child anxiety symptomatology  
- In Chapter 1 I provide a thorough literature review of the association between prenatal 
maternal distress and stress and childhood anxiety symptomatology (anxiety and 
internalizing behaviors) for the reader. My review focuses on studies using 
methodologies that disentangle the unique effect of varying types of prenatal maternal 
distress (stress, anxiety, depression, psychological wellbeing) on childhood anxiety 
symptomatology (anxiety and internalizing behaviors). From my review, current 
knowledge gaps in the literature are identified, and implications for models of anxiety 
development are explored.  
- In Chapter 2 I empirically assess the effects of in utero exposure to a natural disaster 
on child anxiety symptoms at 4 years. I also explore the moderating effects of timing 
of exposure to stress during gestation and child sex. 
Part II: Developmental pathways from prenatal maternal stress to anxiety: 
endogenous and exogenous psychosocial mechanisms  
- In Chapter 3 I empirically examine how PNMS-related alterations of temperamental 
characteristics (negative reactivity, shy-inhibition, attentional control) may lead to 
the development of anxiety symptomatology during childhood. Here, I once again 
examine whether the pathways are moderated by timing of exposure to gestation 
and child sex. 
- In Chapter 4 I look to understand how prenatal and postnatal environments may 
work together in the development of anxiety symptoms. I review theoretical models 
of anxiety and associated empirical findings. I identify parenting behaviors of 
overinvolvement and negativity as key factors that render a temperamentally 
vulnerable child more likely to experience anxiety symptoms. Following this, I 
theorise the many possible (namely moderating and mediating) pathways linking 
PNMS to anxiety symptom development via parenting behaviors and infant and 
toddler temperament. I propose a conceptual model of anxiety symptomatology 
development, emphasizing how examining the interplay between the pre and 
postnatal environments is key to a more complete understanding of the 
developmental pathways to childhood anxiety. 
- Chapter 5 is an empirical study, where I examine prenatal and postnatal pathways 
from PNMS to childhood anxiety symptom development at 6 years. Specifically, I 
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examine the mediating role of shy-inhibited temperament at 30 months, as well as 
the moderating role of parenting behaviors at 4 years.  
General Discussion 
- In Chapter 6 I reiterate and integrate the key findings of the thesis. I discuss 
limitations, as well as avenues for future research. Finally, I mention the 
implications for public policy and clinical practice. 
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PART I: Prenatal Maternal Distress and Childhood Anxiety Symptomatology 
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Chapter 1: Prenatal Maternal Distress: A Risk Factor for Child Anxiety? 
 
Statement of Contribution to Authorship 
Chapter 1 of my thesis includes part of a published work. I contributed substantially to this 
published manuscript. I conceived of the specific aim of the current literature review: to 
review studies that have utilized methodologies able to disentangle the unique effects of 
prenatal maternal distress factors on childhood anxiety symptomatology. I established the 
search criteria and terms used and subsequently conducted a thorough search of relevant 
databases for eligible literature. I reviewed the literature and interpreted the findings across 
studies. I drafted the entire manuscript. At every stage, I consulted with my co-authors and 
supervisors, Vanessa Cobham and Gabrielle Simcock. They both contributed to the 
structural composition and editing of the final manuscript.  
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Abstract 
The deleterious association between various types of prenatal maternal psychological 
distress (PNMS, anxiety, depression, psychological distress, stress) and childhood anxiety 
symptomatology (internalizing behaviors, anxiety symptoms) has been established using 
both retrospective and prospective longitudinal studies across varied demographic cohorts 
and throughout development. Yet, the existing literature cannot claim maternal distress 
during pregnancy to be a specific risk factor for anxiety symptomatology, as studies 
utilizing such observational designs are unable to adequately minimize confounding of 
potential genetic factors, enduring preconception stress as associated with maternal 
personality factors and the postnatal environment. In this review, we examine studies that 
attempt to minimize such confounding and thus disentangle the unique intrauterine 
exposure effect of varying types of PNMS on childhood anxiety symptomatology. Such 
methodologies include paternal versus maternal comparison studies, sibling comparisons, 
prenatal cross-fostering designs and timing of exposure studies (including disaster studies). 
Of the identified studies, findings indicate that prenatal maternal distress is likely to 
constitute a risk factor for anxiety symptomatology, although more studies are needed to 
replicate current findings in order to determine whether there are clear differences in 
effects across specific types of PNMS and for specific subpopulations. We review the 
methodological limitations and strengths of the literature prior to exploring avenues of 
future research. 
  
8 
 
 
Introduction 
Symptoms of anxiety and associated anxiety disorders are commonly reported as 
the most prevalent childhood mental health problem (Kessler et al., 2005). Untreated, 
symptoms tend to remain stable throughout childhood and into adulthood. Children with 
anxiety tend to experience poorer school (Breslau et al., 2008; Mychailyszyn et al., 2010) 
and social functioning (Settipani & Kendall, 2013), and have an increased risk of 
developing comorbid adult affective and anxiety disorders, as well as substance abuse 
problems (Conrod & Stewart, 2008). The high financial and societal costs of anxiety 
disorders (Almond & Healey, 2003) highlight the importance of research into the etiology 
of anxiety disorders to inform the early prevention and/or management of symptoms.  
Risk Factors for Anxiety Symptomatology 
It is well established that psychiatric disorders - including anxiety - run in families 
(Middeldorp et al., 2016). Yet, research is still debating the relative roles that genetic and 
shared environment (e.g., parenting, sibling relationships) aspects of familial heritability 
play in the development of anxiety (Burt, 2009; Eley et al., 2015; McAdams et al., 2014; 
Polderman et al., 2015). In addition, researchers have found heritability estimates decrease 
when the role of the non-shared environment is accounted for (Lamb, Middeldorp, Van 
Beijsterveldt, & Boomsma, 2012; Lamb, Middeldorp, Vink, et al., 2012). The development 
of anxiety may be shaped via a dynamic interplay between child temperament and 
parenting behaviors (for a review see Ollendick & Grills, 2016), as well as vicarious 
learning of anxious parental behaviors throughout childhood (Aktar, Majdandžić, De 
Vente, & Bögels, 2013; Askew & Field, 2008). 
Prenatal Maternal Distress: An additional risk factor? 
Anxiety, like many behavioral, psychiatric, and learning disorders, is thought to 
originate in early life via interactions between the individual and their environment. This is 
because of the rapid development of the brain during gestation and early infancy which is 
sensitive to experience (Bale et al., 2010; Tau & Peterson, 2010). As such, a growing body 
of literature is investigating the role of the pre-birth influence of intrauterine fetal exposure 
to maternal distress (anxiety, depression and stress) on anxiety symptomatology (anxiety 
and/or internalizing behaviors; Glover, 2014; Stein et al., 2014). 
The “fetal programming hypothesis” or “Developmental Origins of Health and 
Disease (DOHaD)” hypothesis (Gluckman & Hanson, 2006) theorizes that intrauterine 
exposure to maternal distress during gestation alters biological systems, including the 
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central nervous system (CNS), the autonomic nervous system (ANS), and neuro-endocrine 
systems associated with the human stress response (e.g., Hypothalamic Pituitary Adrenal 
Axis, HPA; Pearson, Tarabulsy, & Bussières, 2015). Fetal neurodevelopmental adaptations 
to the intrauterine environment may then enhance susceptibility to anxiety symptomatology 
and poor social functioning, as well as other co-occuring mental health problems (e.g., 
externalizing behavioral problems; for a review see Van den Berg et al., 2017).  
Correlation or Causation? Problems of Inference 
While associational claims between prenatal maternal distress and child anxiety 
symptomatology have been made, causal inferences are tentative due to ethical constraints 
concerning the experimental methods used to investigate the effects of randomization of 
distress during pregnancy (S. J. Lewis et al., 2013). As such, in humans, investigations 
commonly utilize observational designs to examine the association between women’s 
distress (e.g., life stress, maternal mood) and child outcomes. Using this methodology, the 
association between prenatal maternal distress and anxiety symptomatology from early 
childhood to adolescence has been established, beyond postnatal mood effects, and other 
established factors known to impact childhood anxiety development such as socio-
economic status (SES), maternal education and age, and infant birthweight and birth 
complications. Such studies have also examined specific sub-population effects that may 
influence associations (e.g., child sex, fetal exposure to stress at varying times during 
gestation; E. P. Davis & Sandman, 2012; Leis, Heron, Stuart, & Mendelson, 2014; 
Loomans et al., 2011; T. O’Connor, Heron, Golding, Beveridge, & Glover, 2002; Van Den 
Bergh & Marcoen, 2004). 
Due to the non-random assignment of distress inherent in observational 
methodologies, it is impossible to disentangle prenatal from postnatal and genetic effects. 
Mother-child heritability likely plays at least a supporting role in the story of PNMS 
associations and anxiety symptomatology. Indeed, maternal stress during pregnancy 
reflects a woman’s appraisal of her daily life based on her concurrent mood and long-term 
personality (DiPietro, 2012). It is likely that maternal traits increase the likelihood of her 
experiencing both chronic stressors (e.g., maternal mood) and acute stress experiences 
(e.g., unexpected job loss; Huizink, Mulder, & Buitelaar, 2004; King et al., 2012; Laplante 
et al., 2004) These maternal traits may transfer to the child genetically or via the known 
roles of maternal rearing and the cumulative effects of postnatal maternal mood on child 
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behavior (Bornstein, Hahn, & Haynes, 2011; S. H. Goodman et al., 2011; Weinberg & 
Tronick, 1998). 
Given these inherent problems for inferring causation of intrauterine influences on 
child anxiety from such studies, alternative methodological approaches to investigate the 
effects of prenatal maternal distress on childhood outcomes have been proposed and 
applied (S. J. Lewis et al., 2013; Smith, 2008). To orient the reader, we first review these 
alternative methodologies. We then review the PNMS and child anxiety literature. 
Methodologies Assisting Causal Inference: PNMS and Child Anxiety Association 
Maternal versus paternal comparisons. Examination of prenatal and postnatal 
distress variants of the mother and father and the relative strengths of such associations 
with childhood outcomes allows for a genetically sensitive test of prenatal maternal distress 
factors. If anxiety symptom risk is associated with paternal prenatal distress to a lesser 
extent than it is with prenatal maternal distress, direct biological effects due to the 
intrauterine exposure can be inferred (S. J. Lewis et al., 2013; Smith, 2008). Confounding 
of other factors would result in similar strength associations of prenatal maternal and 
paternal distress with anxiety symptomatology (S. J. Lewis et al., 2013; Smith, 2008). The 
extent to which postnatal maternal or paternal mood may play an additional role in the 
development of child anxiety is, in such studies, conventionally accounted for by 
statistically controlling for such factors. 
Sibling comparison designs. Differential exposure to distress during pregnancy 
across siblings, or examination of siblings who vary on an outcome of interest, following 
exposure during pregnancy, reduces the extent of family level confounding factors (S. J. 
Lewis et al., 2013; Smith, 2008) when examining prenatal distress effects. However, 
sibling comparison designs often assume a stable family environment and do not account 
for potential birth order effects (Donovan & Susser, 2011) associated with child behavior 
(Tamrouti‐Makkink, Dubas, Gerris, & Aken, 2004). Designs that assume a dynamic family 
environment and account for birth order effects due to prospective characterization of the 
shared environment may be able to overcome such biases (Donovan & Susser, 2011). 
Prenatal cross-fostering designs. Prenatal cross-fostering designs rely on the use 
of participants who have conceived using assisted reproductive techniques (e.g., in vitro 
fertilization; IVF), and are thus able to disentangle the unique effect of prenatal maternal 
stress from genetic influences. Researchers compare the effects of stress during pregnancy 
with mothers carrying infants genetically related to them, and unrelated mother-fetus 
11 
 
 
dyads. If the effects are similar for genetically related and unrelated dyads, one can 
conclude that effects are attributable to alterations in the intrauterine environment.  
Objective timing of stress exposure studies. This approach is able to test whether 
the child developmental outcome is due to the intrauterine influence of prenatal distress, by 
examining whether the influence of the stress exposure on the child is related to when a 
stressor occurs in pregnancy (Smith, 2008). The timing of exposure approach is best used 
when examining the influence of the extent of exposure and in utero timing of an external 
stressor, such as man-made or natural sudden-onset disasters, on child development. This 
serves to avoid social selection bias via random assignment of exposure, with a specific 
time of onset (King et al., 2012; S. J. Lewis et al., 2013; Smith, 2008). Studies may 
compare the exposure during pregnancy in one cohort, to an unexposed cohort, utilizing a 
quasi-experimental design (e.g., Brown, van Os, Driessens, Hoek, & Susser, 2000; Huizink 
et al., 2007). Alternatively, observational methodologies examine the relationship between 
increased stress-exposure and child outcomes (e.g., Moss et al., 2017; Simcock et al., 
2016).  
When assessed prospectively, the subjective distress experienced by the mothers in 
reaction to the disaster can be examined in relation to the level of objective disaster 
exposure they experienced, as well as the additive effects of each type of stress. This is 
important, as stress theory suggests that the experience of objective hardship may be 
interpreted by individuals differentially, dependent upon their genetics, cognitive appraisal 
of the event, and personality types, as well as their level of social support and resources in 
the face of the stressor (Lazarus & Folkman, 1984). Indeed, appraisal theory (Lazarus & 
Folkman, 1984) suggests that the level of exposure to a stressor and the subsequent 
subjective distress experienced are relatively independent of each other, making the 
examination of their additive effects a novel addition to natural disaster PNMS studies. 
The Current Review 
In the current review, we examined a potential environmental risk factor for 
childhood anxiety: prenatal maternal distress. We reviewed studies published in the last ten 
years (2007-current) that have used designs attempting to disaggregate the intrauterine 
effects of prenatal maternal distress by minimizing the problems caused by the above 
confounds. Table 1.1 displays the full list of studies reviewed.   
We reviewed literature examining the effects of each variant of prenatal distress 
(anxiety, depression, psychological distress, or stress) separately on childhood anxiety 
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symptomology. To inform etiological models of anxiety development, as well as treatment 
and intervention programs, it is imperative that research examines whether each type of 
prenatal distress exerts a varying or cumulative effect (Betts, Williams, Najman, & Alati, 
2015; Dunkel Schetter & Tanner, 2012). We reviewed potential subpopulation-specific 
effects across variants of distress, including child sex, exposure to maternal distress during 
different developmental windows in gestation, and children with specific candidate genes. 
Specifically, we focused on research examining the development of child internalizing 
behaviors (emotional reactivity, anxiety, depression, somatic complaints, and withdrawal) 
and specific anxiety symptoms and disorders (broadly termed “anxiety symptomatology” 
from herein) from early childhood through to young adulthood, following prenatal distress 
exposure.  
We undertook a selective review, due to the nature of research predictors and 
outcomes within this area. A combination of mental health terms (e.g., depression, anxiety, 
stress, wellbeing), maternal population terms (e.g., pregnancy, perinatal, antenatal), and 
child population terms (e.g., infant, child, adolescent, youth) were used to search relevant 
electronic databases (PubMed, PsychInfo, Web of Science), initially in January 2017 and 
again in August 2017. In addition, the first author examined the reference lists of the 
included articles and relevant reviews, as well as searched the table of contents of key 
field-specific journals. The first author examined all relevant papers (as assessed by title 
and abstract) for eligibility, by reviewing the methodology of each study. Eligible articles 
published prior to August 2017 were included in the current review. Following the review, 
we presented an integrative summary. We concluded by discussing the potential 
mechanisms underlying the proposed associations, the implications for clinical practice and 
recommendations for future research.  
A review of the literature 
Prenatal Maternal Mood: Anxiety and Depression 
Depression and anxiety are at least as common, if not more so, in pregnancy than in 
the early postpartum period (Evans, Heron, Francomb, Oke, & Golding, 2001; Gavin et al., 
2005). Studies estimate that between 5 - 20% of women experience elevated symptoms of 
depression and/or receive a clinical diagnosis during pregnancy (Bennett, Einarson, Taddio, 
Koren, & Einarson, 2004; Gavin et al., 2005; Woody, Ferrari, Siskind, Whiteford, & 
Harris, 2017). Prevalence rates of anxiety during pregnancy vary, with the prevalence of a 
diagnosis of any anxiety disorder ranging from between 2 – 40% (for a review see Leach, 
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Poyser, & Fairweather‐Schmidt, 2015). We review prenatal maternal anxiety effects 
followed by prenatal maternal depression effects on childhood anxiety symptomatology.  
Prenatal Maternal Anxiety. A large-scale longitudinal study in the UK, the Avon 
Longitudinal Study of Parents and Children; ALSPAC cohort (Golding, Pembrey, & Jones, 
2001), prospectively studied a cohort of pregnant women and their children. Using the 
paternal versus maternal comparison methodological design, researchers examined the 
effects of prenatal mood longitudinally on child outcomes. Across five time points (ages 4, 
7, 9, 11.5, 13; n = 7944), maternal prenatal anxiety (Crown Crisp Experimental Index-
Anxiety subscale; Birtchnell, Evans, & Kennard, 1988) at 32 weeks predicted higher mean 
internalizing behaviors across occasions (intercept estimate = 0.10, SE = 0.02, p < .01; 
O’Donnell, Glover, Barker, & O’Connor, 2014). Child internalizing behaviors were 
measured via maternal reports of emotionality subscale of the Strengths and Difficulties 
Questionnaire (SDQ ; R. Goodman, Meltzer, & Bailey, 1998). Importantly, effects were 
establishe independent of paternal pre and postnatal anxiety, maternal postnatal anxiety and 
depression, a parenting index at two years, in addition to a range of other maternal lifestyle 
and demographic confounders. At 15 years, associations between prenatal anxiety and 
adolescent-reported internalizing behaviors (Development and Wellbeing Assessment, 
DAWBA; R. Goodman, Ford, Richards, Gatward, & Meltzer, 2000) were positive but 
small for maternal but not paternal prenatal anxiety (B = 0.01, SE = .005, p = .01, n = 4704; 
O’Donnell, Glover, Holbrook, & O’Connor, 2014). 
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Table 1.1 Studies that attempt to isolate the unique intrauterine effect of prenatal maternal distress on childhood anxiety symptoms  
 
Study  Study 
design 
Type, timing and 
measure of 
distress 
Outcome 
measure 
(child) 
 
Child age 
(years) 
Sample Size Main Effects Subpopulation 
effects 
  
O’Donnell, 
Glover, Barker 
et al., 2014 
 
Maternal vs Paternal 
Comparison 
Prenatal 
Depression 
(EPDSa); Prenatal 
Anxiety (CCEI-
Anxietyb) 
  
32 weeks 
Parent 
report; 
Emotionality 
(SDQc) 
4, 7, 9, 
11.5, 13 
years 
7 944 Main effect of 
PNMA and 
PNMD, above 
paternal effects, at 
each time point 
   
O’Donnell, 
Glover, 
Holbrook et al., 
2014 
Maternal vs Paternal 
Comparison 
Prenatal Anxiety 
(CCEI-Anxietyb) 
  
32 weeks  
Diagnostic 
Interview; 
Internalizing 
behaviors 
(DAWBAd) 
15 years 4 704 Increased PNMA 
but not paternal 
prenatal anxiety, 
increased 
internalizing 
behaviors, but not 
disorder diagnosis 
   
Van Batenburg-
Eddes et al., 
2013 
ALSPAC cohort 
Maternal vs Paternal 
Comparison 
ALSPAC cohort:  
Prenatal 
Depression 
(EPDSa); Prenatal 
Anxiety (CCEI-
Anxietyb) 
 
18 weeks  
 
 
 
ALSPAC:  
Parent 
report; 
Clinical 
emotionality 
scores 
(SDQc) 
 
 
 
 
 
4 years 
 
 
 
 
 
 
 
 
 
 
3 442 Main effect of 
PNMD but not 
PNMA. No 
paternal prenatal 
effects. 
 
 
 
 
 
   
Van Batenburg-
Eddes et al., 
2013 
 Prenatal Anxiety 
and Depression 
(subscales of 
BSIe) 
Parent 
report; 
borderline 
and clinical 
3 years 2 280 Main effect of 
PNMA but not 
PNMD. No 
   
15 
 
 
Generation-R 
cohort 
 
20 weeks 
Internalizing 
(CBCL/1½– 
5f) 
paternal prenatal 
effects. 
Capron et al., 
2015   
Maternal vs Paternal 
Comparison 
Prenatal 
Depression 
(EPDSa) 
 
Prenatal Anxiety 
(CCEI-Anxietyb) 
 
18 weeks 
Diagnostic 
Interview of 
Clinical 
Anxiety and 
Depression 
(CIS-Ri) 
18 years 
 
3 181 
 
 
 
 
 
3 361 
Clinical maternal 
but not paternal 
prenatal anxiety 
increased risk of 
comorbid anxiety 
and depressive 
disorders.  
 
Increased maternal 
anxiety associated 
with increased 
anxiety symptoms 
(non-clinical). 
Clinical maternal 
but not paternal 
prenatal 
depression 
increased risk of 
anxiety disorders.  
 
 
   
Tiemier et al., 
2012 
Maternal vs Paternal 
Comparison 
Prenatal Anxiety 
(subscale of BSI e) 
 
20 weeks 
Parent 
report; 
CBCL/1½– 
5f 
5 years 2 316  Carriers of the 5-
HTTLPR s allele 
who experienced 
greater prenatal 
maternal but not 
paternal anxiety 
displayed greater 
internalizing 
behaviors than 
those with the l/l 
alleles.  
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Velders et al., 
2011 
 
Maternal vs Paternal 
Comparison 
Prenatal 
Depression 
(subscale of BSIe) 
 
20 weeks  
Parent 
report; 
CBCL/1½ - 
5f 
3 years  2 698 Maternal but not 
paternal prenatal 
depression 
associated with 
anxiety/depressive 
syndrome, not 
internalizing 
behaviors.  
   
Gjerdes et al., 
2017 
Maternal vs Paternal 
Comparison, Sibling 
Comparison 
Depression 
questions on 
Symptom 
Checklist (SCL) 
CBCL/2-3 f 1.5, 3, 5 
years 
 Maternal 
concurrent, rather 
than prenatal 
depression 
predicted 
internalizing 
behaviors 
   
Velders et al., 
2012 
Maternal vs Paternal 
Comparison, gene-
by-environment 
study 
 
 
 
 
 
 
 
 
 
Prenatal 
Psychological 
Symptoms 
(Global Severity 
Index of BSIe) 
 
20 weeks 
Parent 
report; 
CBCL/1½ - 
5f 
3 years  1 704  Heterozygous and 
homozygous 
carriers of the 
minor allele 
(Cytosine C) at 
rs41423247 
(Glucocorticoid 
receptor) showed 
greater 
anxious/depressive 
symptoms when 
exposed to high 
maternal prenatal 
psychological 
distress, but not 
low. 
 
  
Pihlakoski et al., 
2013 
Maternal vs Paternal 
Comparison 
Prenatal Distress; 
Physical and 
Mental Health 
Questions 
10 and 28 weeks 
Parent 
report; 
CBCL/4-18 f 
years ; Child 
report YSR h 
12 years 908 Prenatal Maternal 
emotional 
instability and 
paternal use of 
mental health 
services increased 
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internalizing 
behavior. 
Rice et al., 2010 Cross-fostering IVF Prenatal Stress; 
Likert Scale 
(range 0-10); 31-
40 weeks 
Concurrent 
maternal 
anxiety/depression 
(Hospital Anxiety 
and Depression 
Scale) 
 
Parent 
report; 6-
item 
checklist of 
DSM-IV 
symptoms 
4-10 
years; M 
= 6.73 
years 
Mother-child 
related (n = 205) 
vs related (n = 
504) 
Prenatal Maternal 
Stress effects on 
child anxiety 
symptoms were 
mediated by 
maternal 
anxiety/depression 
   
Huizink et al., 
2007 
Timing of Objective 
Exposure 
Medical records of 
time of pregnancy 
across all 
trimesters 
DSM-III-R 
anxiety 
symptoms 
via semi-
structured 
interview  
(C-SSAGA-
A i) 
14 years 232 (exposed 
group) versus 572 
(control) 
No effects of 
objective 
pregnancy stress 
on anxiety 
symptoms.  
 
No timing effect   
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King et al., 2012 Timing of Objective 
Exposure 
Prenatal Stress 
Objective Stress; 
(Storm 32) 
Subjective stress; 
I-ESRj across all 
trimesters  
Parent report; 
CBCL/1½ - 
5, CBCL/4-
18f 
4 -12 
years  
78 At 4 years, 
subjective Stress 
increased 
internalizing 
behaviors; 
Objective exposure 
increased 
internalizing 
behaviors when 
subjective stress 
was low 
 
Effects of 
subjective stress on 
childhood 
internalizing 
behaviors 
increased with 
child age  
   
 
a = Edinburgh Postnatal Depression Scale, b = Crown Crisp Experimental Index, c = Strength and Difficulties Questionnaire d = Development and Wellbeing 
Assessment e = Brief Symptoms Index, f =Child Behavior Checklist/1½ - 5, 2/3 and 4-18 parent reports g = Clinical Interview Schedule – Revised, h= Youth 
Self Report/4-18,  i= Semi-Structured Assessment of Genetics of Alcoholism j =  Impact of Events Scale - Revised.  
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At 4 years (Van Batenburg-Eddes et al., 2013) and again at 15 years (O’Donnell, 
Glover, Holbrook, et al., 2014), the odds of children and adolescents experiencing 
clinically significant internalizing behaviors following PNMA exposure were examined. 
After accounting for partner pregnancy anxiety and anxiety during early development (3 
years), Van Batenburg-Eddes et al. (2013) found that neither maternal or paternal anxiety at 
18 weeks gestation (CCEI-Anxiety subscale; Birtchnell et al., 1988) had a significant effect 
on risk of clinical classification of 4-year internalizing behaviors, n = 3 442 (‘abnormal’ on 
SDQ emotional subscale; R. Goodman, 2016). Following this, at 15 years, O’Donnell, 
Glover, Holbrook et al. (2014) found no effect of 32 week gestation PNMA on 
internalizing disorder diagnosis after controlling for paternal pregnancy anxiety, postnatal 
anxiety (8 weeks) and maternal depression at 8 years (DAWBA; R. Goodman et al., 2000). 
The lower number of children and adolescents experiencing severe, diagnosis-level 
symptoms (only 3.2% at 15 years), and the comparatively reduced power to detect findings 
when examining dichotomous rather than continuous outcomes may contribute to 
differential findings across clinical and non-clinical outcomes within this relatively healthy, 
normative sample. 
At 18 years, Capron et al. (2015) found that, within the ALSPAC cohort, clinically 
significant self-reported prenatal anxiety at 18 weeks gestation (CCEI-Anxiety subscale 
score ≥8; Birtchnell et al., 1988) in mothers but not fathers predicted an increased risk of 
childhood comorbid anxiety and depressive disorders, as measured by a clinical diagnostic 
interview (adjusted odds ratio [adjusted OR] 1.39, 95% CI [1.06,1.82], p = 0.02, n = 3181; 
Clinical Interview Schedule- Revised; CIS-R; G. Lewis, Pelosi, Araya, & Dunn, 1992). It 
was only after controlling for maternal postnatal mood that the effect of prenatal maternal 
anxiety on youth who experienced pure anxiety disorders was attenuated. However, when 
considering the degree or frequency of prenatal anxiety symptoms (continuous measure), 
higher levels of maternal but not paternal prenatal anxiety predicted anxiety disorders in the 
youth, adjusted OR 1.07 95% CI [1.03, 1.11], p < 0.01, n = 3361. This study highlights 
both the severity of maternal distress in pregnancy and ongoing maternal mental health as 
predictors of young adult emotional outcomes. 
Within the cohort, females displayed greater internalizing behaviors at 4 years, 
followed by an increase across developmental ages, although child sex did not moderate 
PNMA effects (O'Donnell, Glover, Barker, et al., 2014). As O'Donnell, Glover, Barker, et 
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al. (2014) report, initial measures of maternal anxiety recorded at 18 and 32 weeks 
gestation were highly correlated, suggesting a lack of timing effects of the stressor in 
pregnancy on child outcomes. Thus, findings of similar effects across studies examining 
prenatal anxiety in mid to late gestation within this cohort are not surprising, given that 
prenatal anxiety constructs encapsulate more long-term alterations of mood during 
pregnancy. ALSPAC cohort studies show that PNMA plays a significant role in the 
development of child and young adult anxiety subclinical and clinical symptomatology.  
In another longitudinal cohort, Generation-R researchers have examined the effect 
of PNMA on childhood internalizing behaviors at 3 (Van Batenburg-Eddes et al., 2013) 
and 5 years (Tiemeier et al., 2012). Both mothers and fathers reported on their anxiety 
symptoms during pregnancy (anxiety subscale of the Brief Symptom Inventory, BSI; de 
Beurs, 2004; Derogatis, 1993), and reported their child’s internalizing behaviors (Child 
Behavior Checklist, CBCL/ 1½ - 5; Achenbach & Rescorla, 2001) at 3 (n = 2 280) and 5 
years (n = 2 136). At 3 years, maternal but not paternal anxiety symptoms significantly 
increased the risk of borderline and clinical internalizing behaviors (CBCL cut-off of the 
83rd percentile based on the Dutch norm group, adjusted OR for a 1SD increase in maternal 
anxiety symptoms 1.17, 95% CI [1.00-1.37], p = .05).  
To further understand potential sub-population specific effects, the Generation-R 
group examined whether findings of PNMA effects on internalizing behaviors were 
dependent upon child genotype (Tiemeier et al., 2012). The s-allele of the 5-HTTLPR, a 
functional polymorphism in the promotor region of the serotonin transporter gene (5-HTT, 
SLC6A4) is thought to play an important role in stress sensitivity (Caspi, Hariri, Holmes, 
Uher, & Moffitt, 2010) and has previously been found to moderate the effects of PNMA on 
infant negative emotionality in this cohort (Pluess et al., 2011). At 5 years, PNMA 
symptoms accounted for 9.8% of the variance in child behaviors. Additionally, 5-HTTLPR 
moderated the effect of PNMA on child internalizing behaviors (Δ R² = 0.010, β = 2.02, SE 
= 0.55, p = .001) such that l/s carriers (β = 2.06, SE = 0.87, p = .018) and s/s carriers (β = 
3.32, SE = 1.11, p = .003) were at an increased risk for child internalizing behaviors when 
they experienced greater in utero PNMA, compared to l/l carriers. No such associations 
were established for paternal prenatal or postnatal anxiety and results controlled for the 
interactive effect of postnatal maternal anxiety and 5-HTTLPR (also predictive of 
outcome). This study presents preliminary evidence for differential susceptibility with 
respect to the prenatal environments during early childhood. 
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When comparing prenatal maternal and paternal distress exposure, it is important to 
note that genetic variants shared between parents and offspring will generate associations 
between biological fathers’ distress and their child’s anxiety, but not non-biological fathers 
(Smith, 2008). As the parental characteristics (anxiety and depression) examined are likely 
biological ones (i.e., genetically heritable), whether the father reporting prenatal distress is 
indeed the biological father should be reported and statistically accounted for in future 
studies using this design. Despite this potential limitation, the studies reviewed collectively 
provide strong support for a unique effect of PNMA on internalizing behaviors from 
childhood through to adolescence (3-15 years) and for associated disorder onset during 
young adulthood (18 years) in two large prospectively studied cohorts, across maternal, 
maternal and paternal, and youth reports of symptoms. The studies highlight the 
implications of PNMA for the development of both clinical and non-clinical child anxiety 
symptoms.  
Prenatal Maternal Depression. Researchers across three large prospective-
longitudinal cohorts have examined the effects of prenatal maternal depression (PNMD) on 
toddler and children’s internalizing behaviors, specific anxiety symptoms and diagnoses.  
The Generation-R group has investigated the effects of pre- and post-natal maternal 
and paternal depression on 3-year-old children’s behavior across two studies (Van 
Batenburg-Eddes et al., 2013; F. P. Velders et al., 2011). Child symptoms were scored by 
combined weighting of maternal and paternal reports of symptoms on the Child Behavior 
Checklist (CBCL 1 ½-5; Achenbach & Rescorla, 2001). As Dutch norms on the CBCL had 
not been published prior to exploration of Velders et al. (2011), children in the highest 20% 
on the internalizing and individual syndrome scales were defined as expressing non-
optimal levels of symptoms. Maternal but not paternal prenatal depression at 20 weeks 
gestation (depression subscale of the BSI; de Beurs, 2004; Derogatis, 1993), increased the 
risk of the child experiencing non-optimal anxiety and depressive symptoms (CBCL 1 ½-5 
anxiety/depressive syndrome scale), OR BSI depression increase of 1SD = 1.17 95% CI 
[1.04; 1.32], p = .01, n = 2698. Internalizing behaviors were predicted by concurrent 
parental hostility. Van Batenburg-Eddes et al. (2013) replicated the lack of prenatal PNMD 
effects, when examining borderline and clinically significant internalizing behaviors (above 
the 83rd percentile, based on a Dutch normed group, n = 2280). Thus, discrepancy across 
subscales of commonly used measures of anxiety symptomatology was established in this 
cohort, with findings suggestive of effects unique to anxiety and depressive symptoms.  
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The ALSPAC group investigated PNMD effects when assessing the PNMA effects 
previously reviewed. Prenatal maternal depression at 32 weeks (Edinburgh Postnatal 
Depression Scale, EPDS; Cox, Holden, & Sagovsky, 1987) was examined with relation to 
parental report of internalizing behaviors across ages 4, 7, 9, 11.5, 13 years (O’Donnell, 
Glover, Holbrook, et al., 2014) as measured by the emotionality subscale of the SDQ (R. 
Goodman et al., 1998) and in relation to anxiety symptoms at 18 years (Capron et al., 2015) 
via a self-administered DSM-IV diagnostic anxiety interview (Clinical Interview Schedule-
Revised; G. Lewis et al., 1992). Prenatal maternal but not paternal depression, independent 
of maternal postnatal depression, was a unique predictor of maternally reported 
internalizing behaviors across occasions during childhood (4, 7, 9, 11.5, 13 years), intercept 
estimates = 0.059-0.061, all ps ≤ .01, n = 8584. 
By age 18 years (Capron et al., 2015), maternal but not paternal clinical PNMD (≥ 
13 on the EPDS; Cox et al., 1987) at 18 weeks gestation was associated with DSM-IV 
clinical anxiety diagnoses. Nearly double the number of youth (11.1% versus 6.2%) 
experienced anxiety disorders in the group exposed to clinical maternal depression during 
pregnancy, compared to that of the non-exposed group, adjusted OR 1.75, 95%CI 
[1.19,2.58], p < 0.01, n = 3395. Further, prenatal maternal but not paternal depression 
increased the risk of comorbid anxiety and depressive symptoms, adjusted OR 1.63, 95%CI 
[1.19, 2.25], p < 0.01, n = 3681. When examining PNMD as a continuous measure, an 
increased risk of anxiety was still prevalent following maternal but not paternal prenatal 
anxiety, adjusted OR 1.05, 95%CI [1.02, 1.08], p < 0.01; n = 3395. Results from this cohort 
support a unique association between PNMD and child internalizing behaviors and later 
youth anxiety disorders, with the risk of anxiety symptoms nearly doubled for those 
exposed to clinical level of prenatal maternal depression. 
A recent study by Gjerde and colleagues (2017) using the Norwegian Mother and 
Child Cohort study (MoBA; N = 17,830 siblings, 11,599 families) examined the effects of 
PNMD (Symptom Checklist, SCL; Derogatis, 1994) on childhood internalizing behaviors 
(CBCL/2-3;  Achenbach, 1992). The study compared the effects of maternal (17 and 30 
weeks) versus paternal (17 weeks) pregnancy depressive symptom on internalizing 
behaviors across childhood at ages 1.5, 3, and 5 years. In addition, a sibling comparison 
design allowed the study to examine both pre and postnatal maternal depressive effects on 
internalizing behaviors, accounting for familial level confounding. To examine effects 
within a dynamic family context, birth-order was controlled for in this study.  Prenatal 
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maternal depression significantly predicted child internalizing behaviors at 5 years at both 
17 weeks (estimate = 0.96, 95%CI [0.41, 1.50], p < .000) and 30 weeks (estimate = 1.42, 
95% CI [0.84 to 2.00], p < .000), relative to paternal prenatal depression. Thus, maternal 
depression during late gestation was seen to have a greater effect on child internalizing 
behaviors. Surprisingly, after comparison across siblings with respect to maternal 
depression, greater concurrent depressive symptoms, rather than prenatal symptoms, 
predicted greater internalizing behaviors (estimate = 2.82, 95% CI [1.91, 3.73]). Overall, 
girls displayed greater internalizing behaviors than boys. While prenatal effects may have 
fleetingly impacted internalizing behaviors, those exposed to greater perinatal maternal 
depression caught up with their peers’ with respect to internalizing behaviors.  
Findings from the studies reviewed – large, prospectively studied birth cohorts 
investigating the effects of PNMD on childhood anxiety symptomatology – are mixed. 
Across studies, no sub-population effects were established, although girls were found to 
display greater internalizing behaviors in the MoBa study, independent of maternal mood 
effects (Gjerde et al., 2017). Again, the issue of biological paternity is raised, given that no 
study reported on these details. However, given the methodologic rigor of the MoBa cohort 
study, confidence can be given to a likely postnatal rather than prenatal environmental 
effect of maternal depression on childhood internalizing behaviors. This highlights the need 
for studies to investigate potential familial confounding within study designs and fits well 
with the findings of concurrent parental hostility as a predictor of anxiety within the 
Generation-R cohort (Velders et al., 2011) and studies that controlled for postnatal mood 
when establishing prenatal effects (e.g., O'Donnell, Glover, Barker, et al., 2014). Given the 
established role of paternal psychiatric disorders with respect to children’s psychosocial 
development more generally (Ramchandani & Psychogiou, 2009), postnatal paternal 
depression should be accounted for in all future studies. 
Prenatal Maternal Psychological Distress 
 Due to the comorbidity of perinatal anxiety and depression (Austin et al., 2010) 
and the implications of this for neonatal outcomes (Field et al., 2010), studies have 
investigated measures of more broad constructs of maternal psychological wellbeing 
throughout pregnancy (e.g., anxiety, depression, ongoing stress, emotional instability) in 
relation to children’s anxiety. 
 Extending on previous findings regarding prenatal maternal anxiety and depression 
reviewed above, the Generation-R cohort, investigated gene-prenatal environment 
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interactions with respect to childhood anxiety symptoms within a maternal versus paternal 
comparison design (Velders et al., 2012). As noted in previous Generation-R studies within 
our review, childhood anxious/depressed behavior at 3 years was rated by mothers and 
fathers via the CBCL/1½ -5 (Achenbach & Rescorla, 2000), while maternal and paternal 
prenatal psychological symptoms were assessed at 20 weeks gestation via the global 
severity index of the BSI (summed score of subscales including depression, hostility, 
anxiety, phobic anxiety, psychoticism, paranoid ideation, obsessive compulsive, 
interpersonal sensitivity, and somatization; de Beurs, 2004; Derogatis, 1993). The study 
reported an increased risk of non-optimal anxious-depressive symptoms when prenatal 
maternal, but not paternal, psychological symptoms were high (≥85th percentile on the 
global severity index) for children carrying a minor allele (Cytosine C) of the 
glucocorticoid receptor (GR, NR3C1) gene at rs41423247 (hypothalamic pituitary adrenal-
axis related gene, implicated in the stress response; adjusted OR 1.71, 95% CI [1.07, 2.73], 
p = .025, n = 1704). Neither postnatal maternal mood nor maternal genotype accounted for 
these effects and the interaction was not found for paternal prenatal mood. Thus, the 
current study found that a gene-by-environment interaction may moderate the association 
between prenatal maternal distress and child internalizing behaviors.  
More tentative conclusions as to the potential direct effects of specific aspects of 
prenatal maternal psychological distress are to be drawn from findings from a Finnish 
cohort (Pihlakoski et al., 2013). Child reports at 12 years of internalizing behaviors (Youth 
Self Report/4-18, YSR; Achenbach, 1991) were associated with postnatal rather than 
prenatal maternal mood throughout development. Maternal-reported internalizing 
behaviors (Child Behavior Checklist/4-18; Achenbach, 1991a) were predicted by mothers’ 
but not fathers’ emotional instability (unstable versus stable) at 28 weeks gestation, MD 
(Mean difference of scores = 1.2, 95% CI [0.2, 2.2], p < .001, N = 908). No effects of 
maternal or paternal prenatal anxiety or depression were established. However, children of 
fathers who used mental health services during the prenatal period were more likely to have 
increased internalizing behaviors compared to children whose fathers did not use such 
services (MD = 6.0, 95% CI [1.3, 10.7], p < .05). Fathers requiring mental health services 
are more likely to experience higher rates of mental health difficulties and emotional 
instability than those who do not, even if they do not endorse these symptoms directly. 
Assuming this were the case, this would suggest no unique effect of the intrauterine 
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environment on childhood outcomes, as both maternal and paternal prenatal distress may 
play a role in childhood symptoms.  
Measures of maternal psychological distress within the Pihlakoski et al. (2013) 
study were assessed at both 10 and 28 weeks gestation. The measures assessed varied 
across time points, making it difficult to assess the timing effects of distress in 
pregnancyFindings ere inconclusive due to (a) the differences established across reporters: 
child versus maternal reports of behavior, with no prenatal effects associated with child 
report and (b) predictor variables assessed by single-item questions of wellbeing were 
coded dichotomously, rather than individual well-validated measures of stress, anxiety, 
and/or depression. Based on previous work reviewed (Capron et al., 2015), the importance 
of examining the severity of maternal pregnancy distress to powerfully detect findings is 
reiterated.  
The reports reviewed have shown that unique aspects of a mother’s wellbeing as 
well as her overall psychological wellbeing, may influence child anxiety symptom 
development. Due to the diverse aspects of distress investigated across studies, replication 
must be undertaken prior to conclusive statements being made on the nature of these 
effects. Again, paternity status of the father was not detailed in the studies reviewed. We 
gain confidence, however, from the use of well-validated measures of psychological 
distress in the Generation-R cohort in addition to a strong methodology, which presents 
evidence of a gene-prenatal environmental effect on early child anxiety symptom 
development.  
Prenatal Maternal Stress 
Maternal stress is at least as common, if not more common, in the prenatal period 
than it is in the postnatal period (Tegethoff, Greene, Olsen, Schaffner, & Meinlschmidt, 
2011). Prenatal objective exposure to acute or chronic stressors (i.e., number of significant 
life events exposed to, level of exposure to a significant life event or disaster) and the 
emotional response to such events (e.g., stress, anxiety) are aspects of prenatal maternal 
stress that have been independently and additively investigated in the literature as 
predictors of child anxiety symptoms.  
Only one study has examined the effects of prenatal maternal daily stress on anxiety 
symptomatology using a genetically sensitive design: prenatal cross fostering design. Rice 
et al. (2010) asked mothers who were genetically related or unrelated to the child they 
birthed to retrospectively report on their stress in pregnancy via a single 11-point Likert-
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scale response of the level of subjective stress they felt across three periods in pregnancy 
(0-16 weeks, 17-30 weeks, and 31-40 weeks). They found that generalized child anxiety at 
4-10 years (DSM-IV maternal-reported diagnosis) was predicted by prenatal stress during 
late gestation (31-40 weeks) for both IVF (unrelated; β = 0.211, p = .001, n =205) and 
biologically related cohorts (β = 0.207, p = .001, n = 574), suggestive of a prenatal 
environmental effect on childhood anxiety. However, in both related and unrelated mother-
child dyads, the prenatal maternal stress effect was explained by concurrent maternal 
anxiety and depressive symptoms (Hospital Anxiety and Depression Scale; Zigmond & 
Snaith, 1983). For the unrelated mother-child dyads, it is likely that postnatal parental 
modeling, rather than direct intrauterine stress exposure, influenced the children’s 
symptoms.  
To date, one prospective longitudinal cohort has investigated the unique and 
interactive effects of both objective and subjective PNMS on childhood anxiety 
symptomatology. Project Ice Storm (King et al., 2012) examined the effects of maternal 
objective exposure (hardship experienced e.g., days without power, financial loss) and 
subjective stress levels (post-traumatic stress response) experienced by pregnant women 
exposed to the freezing 1998 Québec Ice Storms, on child outcomes. The natural disaster 
resulted in 27 fatalities, as well as power outages for more than 3 million people for as long 
as 6 weeks. Post-traumatic (subjective) prenatal maternal stress (Impact of Events Scale - 
Revised; Weiss & Marmar, 1997) explained 8-12% of unique variance in maternal reported 
internalizing behaviors (CBCL/1½ - 5, CBCL/4-18; Achenbach & Rescorla, 2000; 
Achenbach & Rescorla, 2001) in children aged 4 to 12 years (King et al., 2012). 
Interestingly, the variance accounted for by subjective stress increased across child age, 
suggesting PNMS effects may vary across development. Importantly, results were 
established fter controlling for postnatal and concurrent maternal mood (King et al., 2012). 
Moreover, maternal objective exposure measured via maternal report of the severity of 
maternal hardship due this specific natural disaster (Storm 32; Laplante et al., 2004) and 
subjective stress in reaction the hardship experienced, interacted at 4 years to predict 
internalizing behaviors (n = 78, results not reported). At lower levels of subjective stress, 
the greater extent to which mothers were exposed to the disaster during pregnancy, the 
greater her child was at risk of developing internalizing behaviors. However, when mothers 
were highly subjectively stressed; the level of objective hardship she experienced due to the 
ice storms had no additional effect on child internalizing behaviors. Independent stressors 
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during pregnancy may therefore be sufficient to increase the risk of offspring’s 
internalizing behaviors, due to a mother’s subjective and objective level of disaster-related 
stress.  
To date, one prospective longitudinal cohort study has investigated the unique and 
interactive effects of both objective and subjective PNMS on childhood anxiety 
symptomatology. Project Ice Storm (King et al., 2012) examined the effects of maternal 
objective exposure (hardship experienced e.g., days without power, financial loss) and 
subjective stress levels (post-traumatic stress response) experienced by pregnant women 
exposed to the freezing 1998 Québec Ice Storms on child outcomes. The natural disaster 
resulted in 27 fatalities, as well as power outages for more than three million people for as 
long as six weeks. Post-traumatic (subjective) prenatal maternal stress (Impact of Events 
Scale - Revised; Weiss & Marmar, 1997) explained 8-12% of unique variance in maternal 
reported internalizing behaviors (CBCL/1½ - 5, CBCL/4-18; Achenbach & Rescorla, 2000; 
Achenbach & Rescorla, 2001) in children aged 4 to 12 years (King et al., 2012). 
Interestingly, the variance accounted for by subjective stress increased across child age, 
suggesting PNMS effects may vary across development. Importantly, results were 
established after controlling for postnatal and concurrent maternal mood (King et al., 
2012). Maternal objective exposure measured via self-report of the severity of the hardship 
experienced due to this specific natural disaster (Storm 32; Laplante et al., 2004) and 
subjective stress in reaction to the hardship experienced interacted at 4 years to predict 
internalizing behaviors (n = 78, results not reported). At lower levels of subjective stress, 
the greater extent to which a mother was exposed to the disaster during pregnancy, the 
greater her child was at risk of developing internalizing behaviors. However, when mothers 
were highly subjectively stressed, the level of objective hardship she experienced due to the 
ice storms had no additional effect on child internalizing behaviors. Independent stressors 
during pregnancy may, therefore, be sufficient to increase the risk of the offspring’s 
internalizing behaviors, due to a mother’s subjective and objective level of disaster-related 
stress.  
Utilizing a variant of the “objective timing of exposure to disasters” observational 
design, researchers examined the effects of the catastrophic nuclear Chernobyl disaster of 
1986 on the mental health of adolescent (14 years) via the mechanism of general prenatal 
maternal stress. Huizink et al. (2007) compared child outcomes of pregnant women 
exposed (n = 232) to the disaster with child outcomes of a non-exposed control group 
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(women pregnant in the year prior to or after the accident, n = 572). No differences were 
reported for anxiety symptoms (DSM-III-R symptoms assessed via the adolescent Semi-
Structured Assessment of Genetics of Alcoholism, C-SSAGA-A; Kuperman et al., 2001) 
across the two groups, regardless of the trimester in which gestational exposure was 
experienced (13.8% experienced symptoms in exposed and non-exposed groups).  
However, by not examining the extent of exposure or subjective distress of the mothers in 
reaction to the stressor, an understanding of the unique role of in utero fetal programming 
in this study is compromised (Huizink et al., 2007). 
Thus, across the studies examining prenatal maternal stress effects, we see that the 
effects attributable to postnatal and prenatal factors are dependent on the type of stress 
examined (e.g., daily stress or natural disaster stress) and whether the level of exposure to 
the stressor(s) was accounted for (objective hardship). Sub-population effects were either 
not reported (King et al., 2012) or differences were not established for sex, or timing of 
exposure in gestation to the varying types of stress (Huizink et al., 2007; King et al., 2012; 
Rice et al., 2010). Such varied findings support discrepancies of effects on child outcomes 
in the broader literature, with respect to the type of stressors investigated (disasters versus 
chronic daily stress) in addition to the varying aspects of stress investigated (objective 
versus subjective; see Graignic-Philippe, Dayan, Chokron, Jacquet, & Tordjman, 2014 for 
a review). However, differences may simply be due to retrospective reporting and likely 
biased perceptions of maternal pregnancy stress and child behavior (Rice et al., 2010), as 
well as the lack of severity of exposure measures (Huizink et al., 2007; Rice et al., 2010) in 
comparison to the shorter delay in reporting and prospective design used by Project Ice 
Storm (King et al., 2012). While it may be that developmental alterations during 
adolescence also account for the differences across disaster studies, due to the age at which 
symptoms were assessed, PNMA and PNMD effects have been found during later 
adolescence and adulthood, making this conclusion unlikely (Capron et al., 2015; 
O'Donnell, Glover, Barker, et al., 2014; O'Donnell, Glover, Holbrook, et al., 2014). 
Given the limitations across the studies presented, it is perhaps too soon to conclude 
the specific nature of prenatal maternal stress effects on anxiety symptomatology. 
However, Project Ice Storm (King et al., 2012) provides evidence of a prenatal effect 
within a well-conducted study design. Replication of effects across larger natural disaster 
cohorts may help to shed light on the nature of disaster-related prenatal stress exposure 
effects. Alternatively, examining prenatal maternal stress with respect to objective (number 
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of life events) and subjective stress (response to life events) measures using one of the 
methodologies reviewed (e.g., in vitro fertilization) may assist in understanding the relative 
roles of both types of prenatal stress in relation to a broad array of sudden onset, 
independent stressful life events. This may help to add confidence to the assumed 
generalizability of natural disaster study findings to other stressful life events during 
pregnancy.  
Discussion 
The studies identified and reviewed provide mixed preliminary evidence as to the 
effects of prenatal distress variants on child anxiety symptomatology. Childhood anxiety 
symptomatology outcomes may be influenced by more general maternal prenatal 
psychological distress, as well as specific types of PNMS (anxiety and depression). A 
pattern emerged whereby the impact of subclinical PNMS was identifiable in the 
development of child anxiety symptomatology. Few studies investigated specific sub-
populations that may be more affected by prenatal distress, including candidate genes, 
timing of exposure to PNMS and child sex. While more research is needed, we promote the 
importance of understanding that the neurodevelopment of psychopathology begins prior to 
conception.   
Types of PNMS  
While, overall, the research suggests prenatal distress programs child development 
via in utero environmental effects, conclusions thus far as to the specific effects of each 
aspect of distress are tentative. Perhaps the most conclusive findings come from 
investigations of two large prospectively studied cohorts in which maternal prenatal anxiety 
predicted greater internalizing and anxiety symptoms across development (Capron et al., 
2015; O'Donnell, Glover, Barker, et al., 2014; O'Donnell, Glover, Holbrook, et al., 2014; 
Van Batenburg-Eddes et al., 2013). Greater PNMA was seen to have small, yet persistent, 
effects on the severity of child and adolescent internalizing behaviors, as well as clinically 
significant internalizing behaviors and youth anxiety diagnoses.  
Given the methodologically sound findings in the large MoBa cohort (Gjerde et al., 
2017), it is plausible that prenatal maternal depression is not a risk factor for anxiety 
development; rather, concurrent maternal depression plays a significant role, at least past 
toddlerhood. Indeed, across studies examining the effects of PNMD on anxiety 
development, whether the effects were independent of or accounted for by enduring 
maternal depression, maternal depression throughout development was seen to play a 
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significant role in the development of anxiety symptomatology, as established in the 
broader literature (S. H. Goodman et al., 2011; Korhonen, Luoma, Salmelin, & Tamminen, 
2012). Differential effects across PNMD and PNMA may at first seem surprising, given 
that symptoms of prenatal maternal anxiety and depression often co-occur (Evans et al., 
2001; Heron, O’Connor, Evans, Golding, & Glover, 2004). Yet, it is thought that each may 
have varied effects on child development (Beijers, Buitelaar, & de Weerth, 2014; Dunkel 
Schetter & Tanner, 2012), due to modified biological profiles in depressed pregnant 
women compared to those experiencing stress or anxiety (Graignic-Philippe et al., 2014).  
Results of studies examining a broad phenotype of prenatal distress or 
psychological symptoms as well as constructs of ‘stress’ (objective and/or subjective) are 
tentative, given the mixed aspects of prenatal distress investigated and the varying ages at 
which child symptoms were assessed across studies.  
The findings of our review support those of the broader PNMS literature (see Stein 
et al., 2014; van den Bergh et al., 2017): children whose mothers suffer one mental health 
problem during pregnancy, as well as those who have more general psychological problems 
during pregnancy, are likely at greater risk of developing more severe child anxiety 
symptomatology.  
We note that a causal argument as to the role of PNMS within the etiology of child 
anxiety will rely on replication across a broad array of methodologies, risk phenotypes, and 
sub-populations. 
Sub-population Effects 
From the literature reviewed, it is clear that researchers have tended to overlook the 
examination of specific sub-population effects.  
Child genes. Preliminary research investigating gene-by-environment interactions 
in the etiology of anxiety symptomatology show that common variations in genes may put 
some children at greater risk of experiencing greater internalizing behaviors after 
experiencing gestational maternal distress (Tiemeier et al., 2012; Velders et al., 2012). As 
evident in the current review, multiple candidate genes interacted with varying types of 
prenatal distress within the Generation-R cohort to impact internalizing behaviors 
(Tiemeier et al., 2012; Velders et al., 2012). It is likely that multiple genes interact 
separately or in combination with PNMS variants (e.g., Green et al., 2016), or that specific 
types of PNMS may interact with different genetic profiles. Further exploration of 
alternative genetic profiles that may be more susceptible to PNMS types is necessary.  
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As the validity of candidate gene-by-environment studies have been questioned 
(Duncan & Keller, 2011), we argue for exploration and subsequent replication of gene-by-
environment effects across large cohorts, prior to the development of treatments accounting 
for the genetic vulnerabilities of mothers and children within prenatally distressed cohorts. 
Future studies should examine the unique effects of each type of prenatal distress with 
respect to each candidate gene to understand the role of gene-by-PNMS environment 
interactions. For now, these findings go some way towards explaining the individual 
variations in child anxiety symptomatology due to prenatal maternal distress.  
Timing of gestational PNMS exposure. Understanding when a fetus is more 
susceptible to maternal distress during pregnancy will help researchers understand 
developmental windows in gestation and the mechanisms by which PNMS may exert its 
effect on childhood anxiety (Van den Bergh & Marcoen, 2004). The timing of distress 
during pregnancy was not thoroughly examined in the studies reviewed, likely due to the 
difficulty of examining the specific onset of distress. Prenatal maternal mood and stress 
studies are limited in their ability to examine timing of gestation effects, given the high 
correlation between time points for ongoing mood (e.g., anxiety and depression; O'Donnell, 
Glover, Barker, et al., 2014). Even if maternal mood symptoms vary across pregnancy 
(e.g., Rice et al., 2010), a depressed or anxious mood may begin prior to conception and 
continue into the postnatal period (Kingsbury et al., 2016). Within studies where the onset 
of stress was identifiable, timing effects were either not reported (King et al., 2012) or no 
effects were established (Huizink et al., 2007). Yet, in this study, only objective exposure 
was investigated. To understand the role of timing of exposure to PNMS, future 
investigations should thoroughly examine this moderator.  
Child sex. Understanding if there is a sex-specific response to stress during 
development may provide further insight as to the etiology of anxiety in childhood and the 
increased prevalence of anxiety symptoms in females (Bale, 2011; Bartels, van de Aa, van 
Beijsterveldt, Middeldorp, & Boomsma, 2011; Beesdo, Knappe, & Pine, 2009; Kessler et 
al., 2005).  
 Animal literature suggests sex-specific differences in anxiety and depressive-like 
behaviors following prenatal maternal stress; females display increased length of 
immobility in forced swim tests, reduced exploration in maze tests (Frye & Wawrzycki, 
2003; Schulz et al., 2011; c.f. Bengoetxea et al., 2017), and reduced HPA axis reactivity 
(García-Cáceres et al., 2010). In the broader human literature, sex-differences regarding 
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emotional outcomes following PNMS are mixed (for reviews see Vivette Glover & Hill, 
2012; van den Bergh et al., 2017). Still, a recent systematic review concluded that females 
are more susceptible to prenatal programming of HPA-axis reactivity (Carpenter, Grecian, 
& Reynolds, 2017), which is implicated in anxiety symptomatology (Faravelli, 2012). Fetal 
adaptations to PNMS may be sex-specific due to placental functioning varying across sexes 
(Clifton, 2010). 
The findings of the current review echo that of the broader human literature 
examining sex-differences, in that no distinguishable pattern of sex-specific differential 
response to PNMS was evident. While female sex often uniquely predicted anxiety 
symptomatology (e.g., Gjerde et al., 2017; O'Donnell, Glover, Holbrook, et al., 2014), this 
prevalence was not dependent upon the level of prenatal distress experienced in utero. It 
has also been shown that the timing of exposure to prenatal distress may be relevant to sex 
differences (de Bruijn, van Bakel, & van Baar, 2009). As such, this area of research 
warrants future investigation using improved methodologies. 
Exploring subpopulation-specific effects, rather than assuming a universal effect, 
will assist in understanding the nature of causal relationships, with respect to each type of 
PNMS (Rutter, 2007). Further, effective clinical treatment relies on understanding for 
whom the treatment will improve outcomes. As such, the importance of further 
identification of at-risk populations to assist in the efficacious delivery of treatment is clear. 
Limitations and Future Directions 
As we note throughout, while this review was able to identify studies that have 
utilized methodologies that go some way to inferring the risk of childhood anxiety 
symptomatology development following PNMS exposure, important limitations must be 
overcome before a strong causal claim can be made and mechanisms explored.  
The future direction of study within PNMS literature more broadly is hindered by 
the varied use of constructs used to encapsulate each type of PNMS (Nast, Bolten, 
Meinlschmidt, & Hellhammer, 2013). An additional hinderance is the validity of measures 
used across PNMS constructs. As noted in the current review, some studies used non-
validated measures of subjective parental well-being (Pihlakoski et al., 2013; Rice et al., 
2010). Following a systematic review of measures used in the broader PNMS literature, 
recommendations as to the best identified measures for each aspect of prenatal maternal 
distress have recently been made, which could be used to guide future research (Nast et al., 
2013). The use of well-validated measures of prenatal distress in future studies will allow 
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direct comparison of effects across large and varied samples as to the nature of the causal 
relationship.  
Pregnancy-specific anxiety is a relatively distinct syndrome, which may be a more 
approapriate screening tool to assess anxiety in pregnancy. The syndrome assesses a 
woman’s fear of having a disabled child or giving birth as well as concerns about giving 
birth and a women’s appearance when pregnant and is uniquely predictive of adverse child 
outcomes (Blair et al., 2011; C. Buss, Davis, Hobel & Sandman, 2011). Future research 
should look to assess this aspect of prenatal maternal mood using observational study 
designs included in the current review. It may also be important for future researchers to 
consider the severity of both parent and child symptoms assessed, as well as the risk of 
clinical diagnosis, with differential findings for each outcome across studies (e.g., 
O'Donnell, Glover, Barker, et al., 2014; Van Batenburg-Eddes et al., 2013) and within 
studies (e.g., Capron et al., 2015). This would assist in understanding the extent to which 
clinical attention is needed for populations exposed to subclinical PNMS (O’Connor, 
Monk, & Fitelson, 2014). 
It is imperative that evidence from multiple methodologies is gathered and assessed 
in its totality, to ascertain the specific risk factor phenotype of PNMS for anxiety 
symptomatology. At present, research for PNMA is limited to maternal vs paternal 
comparisons. Replication should use each design discussed, as well as other methodologies 
that assist in inferring causality reviewed elsewhere (Huizink, 2012; Rutter, 2007, 2009; 
Smith, 2008) to examine the impact of each type of prenatal distress on various measures 
of child symptoms. Indeed, the recent work by Gjerde et al. (2017) sheds light on the need 
to examine each type of PNMS, while accounting for familial confounding using sibling 
comparison methodology. Stress reduction programs during pregnancy may also offer a 
unique way of inferring causality between PNMS and child anxiety symptoms, using 
random assignment methodology (O' Connor et al., 2014).  
Throughout the current review, we have highlighted necessary improvements to 
designs currently in use that will improve the methodological rigor of studies in their 
identification of the unique effects of PNMS on child outcomes. While covariation of 
postnatal and chronic stressors (e.g., SES, education, maternal age) is common practice, 
statistically controlling for confounds relies on the valid measurement of the confounder, 
ignoring any residual confounding not accounted for by the measurement (Thapar & 
Rutter, 2009). As previously noted, another important methodological improvement for 
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maternal versus paternal comparison studies: studies using this methodology should detail 
the paternity status of fathers reporting on prenatal mood. Further, researchers should 
account for birth order within sibling comparison studies. 
As stress is a biopsychosocial measure, there are undoubtedly unmeasured risk 
factors that may act synergistically on the outcome, as no study is able to deal with every 
unmeasured confounder (Monk, Georgieff, & Osterholm, 2013; Rutter, 2007). The findings 
reported within the current review speaks to this, given the differences in outcomes, 
dependent on the measures of prenatal maternal distress examined and included in 
modeling. Considering these limitations, the studies reviewed may be more useful in 
identifying a probable causal effect, rather than the specific aspect of the experience that is 
the key component or risk (Rutter, 2007). This does not detract from the importance of 
assessing PNMS more broadly as a risk factor for child anxiety symptomatology, given the 
literature reviewed.  
 Large-scale studies across diverse populations are needed to overcome the noted 
limitations, improve study designs, further identify at risk populations and, ultimately, 
strengthen or weaken the causal inference (Rutter, 2007). As researchers are actively 
engaged in this area, it is promising to see this field moving forward with respect to the 
level of methodological rigor displayed.  
Potential Mechanisms 
The exact mechanisms underlying the association between prenatal maternal 
distress and child anxiety symptomatology are unknown, yet most likely complex; 
involving multiple pathways, dependent on the type of stress experienced and sub-
population specific contexts (e.g., timing of stress exposure in gestation, genes, and child 
sex; Graignic-Philippe et al., 2014). More exhaustive discussions of the potential 
mechanisms involved in associations of prenatal maternal distress and child development 
more broadly are presented elsewhere (Beijers et al., 2014; Charil, Laplante, Vaillancourt, 
& King, 2010; O’Donnell & Meaney, 2017; van den Bergh et al., 2017). To encourage 
future directions of research we now briefly discuss potential mechanisms specific to 
anxiety symptomatology outcomes following intrauterine exposure to general maternal 
distress. 
The prevailing mechanism of PNMS transmission within DOHaD models, based 
largely on animal studies, is maternal-fetal transfer of cortisol (a stress related hormone; 
Weinstock, 2008). Increased maternal stress and associated maternal cortisol levels may 
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alter the intrauterine environment and the developing fetus (O'Donnell & Meaney, 2017). 
However, the mediating role of maternal cortisol exposure between PNMS and childhood 
developmental outcomes, including infant negative affectivity (including fearfulness) and 
anxiety, has not been supported in human literature (Bergman, Sarkar, Glover, & 
O’Connor, 2010; E. P. Davis et al., 2007; E. P. Davis & Sandman, 2012; Rouse & 
Goodman, 2014). Maternal cortisol and pregnancy-specific anxiety may independently 
predict childhood anxiety symptoms (E. P. Davis & Sandman, 2012; Zijlmans, Riksen-
Walraven, & de Weerth, 2015). 
Another potential mechanism of transmission may be maternal catecholamines 
(Beijers, Buitelaar & de Weerth, 2014). Catecholamines, such as adrenaline and 
noradrenaline, can restrict blood flow to the fetus (Gu, Jones, & Parer, 1985) across the 
placenta and under levels of high stress can impact fetal development (Wroble‐Biglan, 
Dietz, & Pienkosky, 2009). Other possible biological mediators that may influence fetal 
development include maternal health behaviors, such as diet, sleep, and exercise (Brown et 
al., 2000; K. N. Dancause et al., 2016; Lobel et al., 2008), a compromised maternal 
immune system (Cryan & Dinan, 2013; Patterson, 2011), and the transfer of maternal 
microbiota (Zijlmans, Korpela, Riksen-Walraven, de Vos, & de Weerth, 2015). Indeed, it 
seems that maternal prenatal psychological distress affects maternal emotions, behavior, 
and physiology and, subsequently, fetal development, in varying ways (Beijers, Buitelaar & 
de Weerth, 2014).  
These aspect(s) of maternal physiology associated with subjective reports of PNMS 
are thought to influence the development of several brain areas involved in the regulation 
of the Hypothalamic Pituitary Adrenal (HPA) axis – the frontal cortex, the amygdala, and 
the hippocampus – believed to play a role in anxious temperaments (Shackman et al., 
2013). In animals, prenatal maternal stress leads to permanent alterations in the offspring’s 
HPA axis and amplified responses to acute stress (due to increased cortisol/corticosterone 
exposure; see Weinstock, 2008 for a review). Of note, induction of PNMS during gestation 
in mice leads to depressive-like behaviors associated with altered HPA activity (Morley-
Fletcher et al., 2018; Poltyrev, Gorodetsky, Bejar, Schorer-Apelbaum, & Weinstock, 2005; 
Weinstock, 2005). The implication is that early stress exposure alters stress reactivity and 
emotional behaviors in the offspring.  
In human studies, research has yet to provide a direct link between PNMS, HPA 
axis alteration and child anxiety. A more recent meta-analysis of the fetal programming 
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hypothesis showed that PNMS is related to baseline and reactive cortisol secretion in 
offspring (J. Pearson et al., 2015) indicating support for the fetal programming of the HPA 
axis due to PNMS during development. In one natural disaster PNMS study, greater 
subjective stress predicted greater cortisol reactivity responses to a maternal separation 
stressor, in girls only (Yong Ping et al., 2015). Furthermore, elevated cortisol responses to 
stressful events as well as increased basal cortisol levels and dysregulated HPA axis have 
been associated with anxiety and internalizing symptoms (Dieleman et al., 2015; Faravelli, 
2012; Nelemans, Hale, Branje, Hawk, & Meeus, 2014). It is possible that infant HPA 
dysregulation during gestation due to PNMS exposure leads to the observed alterations in 
anxiety symptomatology although this is yet to be tested in humans.  
Emerging animal and human studies show that epigenetic gene (re)programming of 
HPA-axis related genes may account for links between PNMS and offspring health 
outcomes, including neurodevelopmental disorders and behavior (see Cao-Lei et al., 2017; 
Kundakovic & Jaric, 2017 for reviews). Exposure to PNMS may lead to alterations in 
epigenetic processes responsible for the increased sensitivity of the fetal HPA axis and the 
emergence of fear responses and anxiety symptoms in children, although this mediation is 
yet to be established in humans. Increased methylation of exon 1F of the promotor region 
of NR3C1, an HPA-axis related gene, has been associated with PNMS exposure 
(Oberlander et al., 2008). Individual differences in infant fearfulness (Ostlund et al., 2016) 
and comorbid childhood behavioral and internalizing problems (Dadds, Moul, Hawes, 
Mendoza Diaz, & Brennan, 2015) have been associated with epigenetic regulation of this 
gene. In one recent study, Ostlund et al. (2016) found no mediation effect for exon IF of the 
promotor region of NR3C1 when examining fear responses in 6-month-old toddlers (N = 
68) as an outcome of maternal exposure to life events. Understanding the epigenetic basis 
of anxiety symptoms via PNMS exposure in large cohort studies is a potential avenue for 
future research. 
Finally, emerging research suggests functional connectivity alterations due to 
PNMS exposure may be associated with depressive symptoms in infancy, as well as with 
fetal and newborn autonomic functioning (See Van den Berg et al., 2017 for a review). 
Investigations of the functional and structural connectivity in the fetal brain (e.g., van den 
Heuvel & Thomason, 2016) are hoping to explore potential alterations to brain connectivity 
as mediators between PNMS and broader childhood outcomes, including anxiety 
symptomatology.  
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Methodologically rigorous studies investigating the possible mechanisms through 
which maternal psychological distress affects the intrauterine environment and the altered 
trajectory of biological correlates underlying the associations between PNMS and 
childhood anxiety symptomatology pose important progressions in DOHaD research. It is 
our hope that this growing research in the PNMS field will encourage adaptations to 
etiological models of anxiety, as well as treatment and prevention programs, to include 
consideration of this relevant risk factor.  
Conclusions 
Our review first and foremost highlights the need for clinical understanding of the 
potential role of pre-birth risk factors associated with the life-course development of 
anxiety. We highlight the research designs being used to provide stronger inferences as to 
the nature of PNMS effects on anxiety. Taken together, maternal distress during the 
prenatal period is a potential pathway through which childhood anxiety symptomatology 
may be impacted, although the specific types of PNMS and sub-populations that may be 
most at risk are yet to be thoroughly examined. Understanding how prenatal effects may 
interact, add to, or act independently of ,other risk factors associated with anxiety (e.g., 
genetic profiles, temperamental qualities, parenting and the shared environment) will assist 
in developing an equifinal (i.e., multiple pathways to the same outcome) understanding of 
the etiology of anxiety, with the aim of informing intervention prior to symptom onset. 
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Chapter 2: The Role of Prenatal Maternal Stress in the Development of Childhood 
Anxiety Symptomatology: The QF2011 Queensland Flood Study 
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Abstract 
It is possible that findings suggesting a link between PNMS and anxiety symptoms in 
offspring are confounded by postnatal and/or shared mother-child heritability effects. 
Following exposure to a natural disaster, the Queensland Flood study (QF2011) investigated 
the unique and additive effects of various types of disaster-related PNMS (objective 
hardship, cognitive appraisal and subjective distress) on childhood anxiety 
symptomatology (internalizing and/or anxiety symptom measures). Timing of flood 
exposure during pregnancy and child sex were examined as potential moderators. After 
controlling for maternal psychosocial factors, greater objective hardship as a result of the 
floods was significantly associated with greater anxiety symptoms (N = 114) and marginally 
associated with greater internalizing behaviors (N = 115). Earlier timing of the flood in 
pregnancy was associated with greater anxiety symptoms. No such associations were found 
between any PNMS measure and teacher-rated child internalizing behaviors (N = 90). Sex 
and timing did not moderate the associations. Our findings suggest that, in isolation, 
increased maternal hardship due to exposure to an independent stressor during pregnancy 
may have a programming effect on childhood anxiety symptoms.   
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Introduction 
Symptoms of anxiety and associated anxiety disorders are commonly reported as 
the most prevalent childhood mental health problem (Beesdo et al., 2009; Merikangas et 
al., 2010). Various aspects of maternal mood (anxiety, depression, pregnancy-specific 
anxiety) and subjective stress (distress in response to daily stress) during pregnancy have 
been linked to child anxiety symptomatology (internalizing and/or anxiety symptom 
measures) in childhood through to young adulthood (e.g., Capron et al., 2015; Davis & 
Sandman, 2012; O’Donnell, Glover, Barker, et al., 2014; Park et al., 2014; Rice et al., 
2010; Van Den Bergh & Marcoen, 2004). It has been proposed that these types of PNMS 
may “program” the fetus by disrupting the development of the fetal hypothalamic-pituitary-
axis (HPA), altering the human stress response (Davis, Glynn, Waffarn, & Sandman, 2011; 
Glover, O’Connor, & O’Donnell, 2010; Gluckman & Hanson, 2006), which is associated 
with anxiety symptoms throughout development (Faravelli, 2012; Nelemans et al., 2014). 
Fetal neurophysiological alterations are thought to be moderated by fetal sex 
(Glover & Hill, 2012) and/or by the timing of the stressor as it coincides with critical 
developmental windows in pregnancy (Sandman & Davis, 2012; Weinstock, 2008). 
However, results regarding how fetal sex and timing of stress in pregnancy affect child 
anxiety are mixed (Davis & Sandman, 2012; O'Connor, Heron, Golding, & Glover, 2003; 
O'Donnell et al., 2014; Van Den Bergh & Marcoen, 2004). Effects may occur due to PNMS 
during mid- (e.g., Davis & Sandman, 2012; Van Den Bergh & Marcoen, 2004) or late 
gestation (e.g., O'Donnell et al., 2014). Current findings report an increased impact on girls 
(e.g., de Bruijn, van Bakel, & van Baar, 2009) or boys (e.g., Gerardin et al., 2011),while 
some have failed to provide evidence of varying effects on anxiety symptomatology across 
the sexes (e.g., Barker, Jaffee, Uher, & Maughan, 2011; Van Den Bergh & Marcoen, 
2004). 
Understanding the causal mechanisms underlying the transference of PNMS to the 
fetus is hindered by limitations inherent to human PNMS research. For example, the 
heritability of anxiety symptomatology between mother and child may be a confound, 
given that negative life events may not be independent of the parents’ personality or 
psychopathology (Huizink et al., 2004; Laplante et al., 2004), and anxiety symptomatology 
is, in part, heritable (Middeldorp et al., 2016). Studies that have used designs that attempt 
to overcome these limitations by, for example, comparing the relative strengths of the 
prenatal and postnatal distress variants of the mother and father with childhood outcomes 
41 
 
 
(Capron et al., 2015; O’Donnell, Glover, Barker, et al., 2014) or by examining prenatal 
distress effects through prenatal cross fostering designs (Rice et al., 2010) are limited and 
findings are mixed. Maternal mood and stress may commence prior to conception and 
continue postnatally into later development. Thus, the critical period(s) of fetal 
neurodevelopmental vulnerability associated with childhood anxiety outcomes cannot be 
assessed rigorously with these types of pregnancy stressors (Kingsbury et al., 2016). 
Investigating the effects of independent stressors, such as man-made and natural 
disasters, is one way in which the effects of stressful life events during pregnancy on child 
development has been disentangled from long-standing personality factors (Huizink et al., 
2004). Epidemiological research examining the effects of the Chernobyl accident of 1986 
found that higher levels of maternal objective hardship (e.g., days without electrical power, 
days in emergency shelters) because of the disaster were associated with increased 
adolescent depressive, but not anxiety, symptoms, compared to an unexposed control 
group. However, maternal subjective stress (emotional reaction) was not assessed in that 
study (Huizink et al., 2007).  
In contrast, Project Ice Storm found effects for disaster-related PNMS on childhood 
internalizing behaviors (King et al., 2012). Controlling for the level of objective hardship 
due to exposure to the severe 1998 Quebec ice storm during pregnancy, as well as postnatal 
and concurrent maternal mood, subjective stress in response to the disaster was associated 
with increased internalizing behaviors in children aged 4 to 11 ½ years. At 4 years, greater 
objective hardship due to the disaster during pregnancy predicted an increased severity of 
internalizing behaviors, but only when mothers’ subjective stress was low; when subjective 
stress was high, internalizing symptoms were more severe and objective hardship had no 
further effect on child internalizing symptoms. 
 Project IceStorm’s findings suggest that even when a mother does not respond to 
hardship with increased emotional distress, exposure to the event alone, may adversely 
affect her child’s anxiety symptomatology. The contrasting findings suggest further 
investigation of the potential unique and additive effects of both objective and subjective 
aspects of PNMS on varying measures of anxiety symptomatology due to disaster exposure 
is warranted. This is important, given that a woman’s respose (physiological and/or 
emotional) is not necessarily dependent upon the level of hardship she experiences in 
response to the event (Lazarus & Folkman, 1984). 
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Indeed, the interactive roles of varying types of disaster-related PNMS with specific 
anxiety symptoms and multiple informants (i.e., teacher and maternal report) of 
internalizing behaviors, within the same cohort are yet to be examined. Understanding 
whether disaster-related PNMS affects internalizing behaviors or, more specifically, 
anxiety symptoms will help improve the specificity of etiological models. Research using 
different independent stressors is needed to examine the generalizability of findings across 
disaster types. 
In January 2011, the state of Queensland, Australia, experienced a flood that saw 
78% of the state declared a disaster zone. The floods inundated 29,000 homes and 
businesses, 2.5 million people were affected, and 33 people were killed (Final report 
Queensland floods commission of inquiry, 2012). The current study aims to investigate the 
extent to which varying types of disaster-related PNMS (objective hardship, subjective 
stress, and cognitive appraisal of the event) explain variance in childhood anxiety 
symptomatology at 4 years, as assessed by mothers and caregivers/teachers, moderated by 
timing of exposure and child sex, and controlling for maternal mood within a cohort of 
pregnant women exposed to the Queensland 2011 Floods.  
Specifically, we hypothesized that children whose mothers experienced higher 
levels of flood-related PNMS (objective hardship and/or subjective stress and/or negative 
cognitive appraisal of the floods) in pregnancy would exhibit greater anxiety symptoms and 
internalizing behaviors. Similar associations were predicted regardless of reporter (mother 
or caregiver/teacher). Based on previous disaster-related PNMS research (King et al., 
2012), we hypothesized that subjective stress may moderate the relationship between 
objective hardship and childhood anxiety outcomes, such that objective hardship would 
increase child anxiety symptomatology across outcomes, but only at low levels of 
subjective distress.  
We predicted that the hypothesized relationships of PNMS with child anxiety 
symptoms would be moderated by sex and/or timing of exposure to the flood during 
gestation. However, due to mixed findings across the literature, no specific hypotheses 
were proposed, and analyses were exploratory. 
Methods 
Participants 
The present study is part of the QF2011 Study (King et al., 2015), a prospective 
longitudinal study examining the effects of flood-related PNMS on birth outcomes and 
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development across childhood. Between April 2011 and January 2012, women were 
recruited into the study either through a pre-existing clinical trial or, after the floods via the 
Mater Mother’s and Babies Hospital and neighbouring clinics. The convenience sample 
included women who were English-speaking, 18 years of age and older, and pregnant 
during the flood (January 10, 2011). The current study excluded infants with birthweights 
under 2500g and premature infants born earlier than 36 weeks gestation (n = 2). This 
exclusion criteria follows prior research on the effects of prenatal maternal stress (Moss et 
al., 2017; O’Connor et al., 2003). Low birth weight and premature birth have been 
associated with exposure to prenatal stress (Lobel et al., 2008; Nkansah-Amankra, Luchok, 
Hussey, Watkins, & Liu, 2010; Zhao et al., 2015) and altered child development, including 
later anxiety symptomatology (Anderson, 2003; Aylward, 2014; Brummelte et al., 2011; 
Vinall, Miller, Synnes, & Grunau, 2013). The QF2011 Study received ethical approval 
from the Mater Research Institute (1844M) and The University of Queensland 
(2013001236). All mothers provided written, informed consent. 
At recruitment and/or 12 months post-flood, 230 women completed questionnaires 
about their demographics, flood experiences, and mental health. At the 4-year follow up, 
maternal report of child anxiety symptomatology was available for 117 participants on the 
Spence Preschool Anxiety Scale (SPAS; Spence, Rapee, McDonald, & Ingram, 2001) and 
for 118 participants on the Internalizing subscale of the Child Behavior Check List (CBCL; 
Achenbach & Rescorla, 2001). A total of 92 preschool mother-child dyads returned 
teacher-reports of the children’s internalizing behaviors (C-TRF; Achenbach & Rescorla, 
2001), 75 of which also had maternal reports of internalizing behavior at 4 years. After 
eligibility exclusions, the final analyses included N = 115 reports for CBCL, N = 114 for 
SPAS, and N = 90 for C-TRF. The demographic data for each of the three scales (maternal 
and teacher reports) are described in Table 1. Across the three samples, women were from 
slightly above the national average socio-economic background (M = 1053.27 – 1063.00; 
SD = 50.39 – 53.57), which has a mean of 1000 (SD = 500). They were also well educated 
with an approximate average of 14 years schooling across the three samples. Analyses 
revealed no differences in the demographic and psychological characteristics between the 
mothers returning maternal, maternal and teacher, or teacher-only reports.  
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Table 2.1  
Cohort Descriptive Statistics for the Outcome, Predictor variables and Covariates  
Variables  SPAS Sample 
N = 114 
CBCL Sample 
N = 115 
C-TRF Sample 
N = 90 
Outcome Variables     
CBCL a -Internalizing T score M (SD) - 44.59 (10.60) - 
CBCL a -Internalizing Normal 
Range 
% (N) - 89.57% (103)  
C-TRF b -Internalizing T score M (SD) - - 45.98 (9.31) 
C-TRF b -Internalizing Normal 
Range 
% (N) - - 91.11% (82) 
SPAS c M (SD) 12.57 (9.73) - - 
SPAS c Normed Data  18.81 (13.90) - - 
SPAS c Normal Range % (N) 94.74% (108) - - 
Predictor Variables     
Objective hardship M(SD) 20.70 (17.62) 20.51 (17.60) 22.74 (18.37) 
Post-traumatic stressd M(SD) 5.91 (9.50) 
 
5.97 (9.49) 6.46 (10.85) 
Peritraumatic distresse M(SD) 12.19 (8.01) 12.12 (8.01) 12.00 (8.57) 
Peritraumatic dissociationf M(SD) 5.89 (6.93) 5.84 (6.93) 5.89 (7.07) 
Composite subjective stressg M(SD) -0.00 (0.89) -0.01 (0.88) 0.01 (0.94) 
Cognitive Appraisal: Neg N(%) 37 (32.46) 38 (33.04) 32 (35.6) 
Cognitive Appraisal: Neut/Pos N(%) 77 (67.54) 77 (66.96) 58 (64.4) 
Timing of exposure (days) M(SD) 133.01 (78.45) 131.48 (78.88) 139.77 (74.66) 
Covariates     
Child age at 4y survey (mo) M(SD) 48.86 (1.35) 48.81 (1.30) 48.75 (1.29) 
Infant sex(boys) N(%) 61 (53.51) 61 (53.04) 48 (53.3) 
Maternal age at child birth 
Socio-Economic Index h 
M(SD) 
M(SD) 
31.84 (4.79) 
1055.17 (53.57) 
31.82 (4.67) 
1053.27 (54.55) 
32.15 (4.76) 
1063.00 (50.39) 
Schooling level(years) N 113 114 90 
 M(SD) 14.41 (1.76) 14.39 (1.76) 14.38 (1.94) 
Marital status     
Married or De Facto N(%) 94 (82.46) 94 (81.74) 71 (78.9) 
Divorced/Separated/Single N(%) 10 (8.77) 10 (8.70) 10 (11.1) 
Prenatal LES i N 111 112 86 
 M(SD) 3.38 (4.60) 3.35 (4.59) 3.71 (4.81) 
6m Maternal Depression j N 90 91 71 
 M(SD) 6.17 (4.37) 6.05 (4.36) 5.77 (4.21) 
Trait Anxietyk N 102 102 84 
 M(SD) 39.53 (9.23) 39.47 (9.24) 38.55 (8.78) 
Concurrent Moodl N 113 114 74 
 M(SD) 20.04 (19.75) 19.88 (19.75) 19.50 (19.16) 
Gestational age at birth (wks) N 114 115 90 
 M(SD) 39.41 (1.23) 39.39 (1.22) 39.37 (1.19) 
Birthweight (grams) N 114 115 90 
 M(SD) 3572.32(453.69) 3573.91(453.07) 3561.38(453.06) 
 
Note. Untransformed scores are used for the measures of maternal stress. a CBCL = Child Behavior 
Checklist, b C-TRF = Caregiver-Teacher Report Form, c SPAS = Spence Preschool Anxiety Scale, d = 
IESR, e = PDI, f = PDEQ, g = COSMOSS(IES-R,PDI,PDEQ), h = SEIFA, i = Life Events Survey, j = 
Depression: 6 month EPDS, k = STAI-Trait Anxiety Scale at 30 months,  l = DASS(depression, 
anxiety, stress) composite score at 4 years 
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Measures 
 Prenatal maternal stress. For more details regarding the measures used, refer to 
(King et al., 2015) and previous QF2011 publications (Moss et al., 2017; Simcock, Kildea, 
et al., 2016). 
Mothers’ objective hardship to the floods was estimated using the Queensland 
Flood Objective Stress Scale (QFOSS; Appendix E). This survey was adapted from 
previous disaster studies measures (Brock et al., 2014; Laplante et al., 2004), to obtain 
factual information relevant to the severity of maternal hardship from this specific natural 
disaster. QFOSS assesses four dimensions of flood-related hardship: threat (e.g., “Were 
you physically hurt because of the flood?”), loss (e.g., “…please estimate the total value of 
all material loss and damage experienced because of the flood.”), scope (e.g., “To what 
extent was your immediate community changed because of the flooding?”), and change 
(e.g., “How many times were you required to change homes because of the flood?”). The 
research team rated responses for each item (Appendix E). Each dimension was weighted 
equally, given that, theoretically, each should be similarly predictive, and scored between 0 
(no impact) and 50 (extreme impact). Thus, the measure has a maximum overall score of 
200, with higher scores indicating increased hardship. Because the distribution was 
positively skewed, a natural log transformation was conducted to normalize the data. 
 A single item tool was designed to assess the mother’s cognitive appraisal of the 
overall event. Mothers responded to the question, “If you think about all of the 
consequences of the 2011 Queensland flood on you and your household, would you say the 
flood has been…?” Women rated their appraisal of the event on a five-point scale from 
“Very negative” (-2) to “Very Positive” (+2). Due to the narrow range of responses on this 
scale, the variable was dichotomized into “Negative/ Very negative” (0) and, “There were 
no consequences/Positive/Very positive” (1). 
Mothers completed three measures of subjective stress related to the flood; each 
measure used a 5-point rating scale: 0 (not at all true) to 4 (extremely true). Post-traumatic 
stress (PTS) symptoms in reaction to the flood were assessed using the Impact of Event 
Scale – Revised (IES-R; Weiss & Marmar, 1997). The 22-item IES-R assesses the severity 
of symptoms, including intrusive thoughts, hyperarousal, and avoidance during the 
preceding days. The IES-R has demonstrated psychometric properties (Creamer, Bell, & 
Failla, 2003; Weiss & Marmar, 1997). Peritraumatic measures asked the women to recall 
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how they had felt at the time of the floods. The Peritraumatic Distress Inventory (PDI-Q; 
Brunet et al., 2001) is a 13-item scale asking participants to retrospectively report and rate 
the emotional and physical reactions they experienced during and immediately following a 
traumatic experience. The 10-item Peritraumatic Dissociative Experiences Questionnaire 
(PDEQ; Marmar, Weiss, & Metzler, 1997) measures peritraumatic dissociative reactions to 
a specific trauma. Both measures are internally consistent (Brunet et al., 2001). The PDI is 
predictive of PTSD (Guardia et al., 2013). 
 Total scores from all three measures of subjective stress were used to compute a 
COmposite Score for MOthers’ Subjective Stress (COSMOSS) via Principal Component 
Analysis (PCA). This was done to reduce the number of variables in the regression 
analyses conducted. The PCA-derived algorithm was: COSMOSS = 0.358*IESR + 
0.397*PDI + 0.387*PDEQ. The PCA resulted in one factor that accounted for 76.68% of 
the overall subjective stress variance. 
 Child anxiety symptomatology. At 4 years, mothers reported on their child’s 
internalizing behavior using the Child Behavior Checklist 1½ - 5 yrs (CBCL/1 ½-5; 
Achenbach & Rescorla, 2001). Day-care providers and kindergarten teachers rated the 
children’s behavior using the Caregiver-Teacher Report Form (C-TRF; Achenbach & 
Rescorla, 2001). The C-TRF has identical items, scales, scoring, and subsequent cut-off 
scores as the CBCL. Data from the internalizing scale (Emotionally Reactive, 
Anxious/Depressed, Somatic Complaints and Withdrawn sub-scales) of the CBCL (CBCL-
Internalizing) and the C-TRF (C-TRF Internalizing) are reported here. Mothers and 
teachers rated how true statements regarding the child’s behavior in the previous two 
months were, from 0 = Not True, to 1 = Somewhat or Sometimes True, to 2 = Very True or 
Often True. A CBCL-Internalizing total T score (M = 50, SD = 10) was calculated as the 
sum of the responses to the 36 statements. Established standardized cut-off scores classify 
children as within Normal (T ≤ 59), Borderline (T ≥ 60 but ≤ 63), or Clinical ranges (T = ≥ 
64; Achenbach & Rescorla, 2001). The CBCL-Internalizing scale is routinely used as a 
measure of child anxiety (Lowry-Webster, Barrett, & Lock, 2003; Petty et al., 2008). Both 
the CBCL and C-TRF demonstrate strong psychometric properties (Janssens & Deboutte, 
2009). 
 The 34-item Spence Childhood Anxiety Scale for preschoolers (Spence, Rapee, 
McDonald, & Ingram, 2001) provides an overall parent/caregiver-report measure of 
anxiety symptomatology, as well as six childhood anxiety subscales designed to map onto 
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DSM-IV criteria for anxiety diagnoses: generalized anxiety, social anxiety, obsessive 
compulsive disorder, physical injury fear, and separation anxiety. The first 28 items ask 
parents to report the frequency at which an item is true for their child, from 1 (not at all) to 
5 (very often true). The remaining items relate to other traumatic events the child may have 
experienced, but these are not scored. The overall total score of anxiety symptoms, 
measured by items 1-28, for each participant was calculated and used for the analysis. 
Established cut-off scores classify children as within the Normal (total score ≤ 33) or 
Elevated (total score ≥ 34) symptom ranges. Maternal reports on the internalizing summary 
score of the CBCL correlate highly with the SPAS total anxiety score, indicating good 
construct validity (r = .55 -.59, r = .68; Nauta et al., 2004; Spence et al., 2001). 
Covariates. To account for factors known to affect maternal stress and child 
development, maternal socio-economic status (SES), education, income, and marital status 
were measured at recruitment. SES was estimated using the Socio-Economic Indexes for 
Areas (SEIFA) scores based on Australian Bureau of Statistics (ABS) census data 
regarding postcode (M = 100, SD = 50; higher scores indicate a more socially-advantaged 
status). Infant birth weight and gestational age were collected from medical records at birth. 
Major life events during pregnancy, excluding the 2011 flood, were assessed at 
recruitment and/or 12 months post-flood using a modified version of the Life Experiences 
Survey (LES; Sarason, Johnson, & Siegel, 1978). Respondents indicated whether they had 
experienced the event during pregnancy and rated its impact on a 7-point Likert scale 
ranging from -3 (extremely negative) to 3 (extremely positive). For this study, the sum of 
the absolute impact ratings for events across pregnancy score was used. 
 To assess postnatal maternal mental health the Edinburgh Postnatal Depression 
Scale (EPDS; Cox, Holden, & Sagovsky, 1987) was administered at 6 months post-partum. 
The EPDS is a 10-item questionnaire employing a 4-point Likert scale, which assesses 
depressive and anxious symptoms. In an attempt to control, in part for, the effect of genetic 
heritability of anxious personality traits from mother to child and the ongoing effects of 
postnatal mood on child development, women completed the trait scale of the State-Trait 
Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) at 30 
months postpartum. The STAI-Trait scale is a 20-item scale that asks participants to report 
on a 4-point Likert scale how they generally feel. Maternal mood can bias mothers’ reports 
of their children’s behavior (Ferdinand et al., 2010; Najman et al., 2000) and alter 
modelling of behavior and parenting styles (Hummel & Kiel, 2015; Kalomiris & Kiel, 
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2016; Wei & Kendall, 2014). Therefore, mothers also completed the short-form of the 
Depression Anxiety and Stress Scales (Lovibond & Lovibond, 1995) when their children 
were 4 years of age. The questionnaire asks mothers to endorse the extent to which they 
experienced a range of symptoms across the last seven days using a 4-point scale on three 
subscales: depression, anxiety, and stress. A composite measure (the total of the DASS 
subscales) was used as an indicator of overall maternal mood. All three maternal mental 
health variables (EPDS, STAI, DASS) were included as continuous covariates.  
Statistical Analysis 
Analyses were performed using SPSS version 23. First, we conducted attrition 
analyses comparing mother-child dyads who completed the 4-year survey to those who did 
not. Second, missing data were imputed using Expectation-maximization (EM; Schafer & 
Graham, 2002) techniques. Cross-period correlations were calculated and scores for flood-
related variables were finalized by integrating ratings provided at recruitment and/or 12 
months post-flood using regression (King et al., 2015). 
Descriptive analyses were performed for all outcome and predictor variables and 
covariates. Three outliers on the child anxiety symptom outcome variable (SPAS) were 
winsorised to reduce their influence (A. Field, 2013). Residual statistics and curvilinear 
effects of PNMS variables were examined, ensuring all assumptions of the models were 
met. Second, bivariate Spearman’s rho correlation coefficients were obtained for all pairs 
of dependent, covariate, and predictor variables. Third, hierarchical linear regression 
analyses were conducted for each of the three outcome variables: CBCL, C-TRF, and 
SPAS.  The model for the regressions was the same for each outcome variable assessed. 
Objective hardship was entered first, followed by the composite score for subjective stress, 
then cognitive appraisal. Next, infant sex was entered, followed by timing of exposure to 
the event during gestation. Covariates (based on significant bivariate correlations) were 
added to the model in steps; these varied for each outcome. Due to the relatively small 
sample, covariates forced into the equation that were non-significant in the final model 
were trimmed and analyses re-run. 
We conducted a series of moderation analyses using PROCESS macro v2 (Hayes, 
2013) to explore the potential interactive effects of child sex or timing of flood exposure 
during gestation for objective hardship, cognitive appraisal, and subjective stress reactions 
on each measure of child anxiety symptomatology. In addition, we examined the 
interactive effects of subjective distress, cognitive appraisal, and objective hardship. To 
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adjust for the number of moderation analyses, Bonferroni was used to correct the 
interaction terms’ p-values. 
Results 
Attrition Analyses 
Independent samples t-tests showed that eligible participants with (N = 119) and 
without (N = 111) 4-year maternal report data (CBCL and/or SPAS) did not vary on any of 
the flood variables. However, responding mothers were more likely to have completed 
more years of schooling (M = 14.37 years, SD = 1.75 vs M = 13.53 years, SD = 2.11, t 
(212.25) = 3.27, p = .001) and experienced the floods later in gestation (M = 131.43 days 
(18.78 weeks), SD= 77.59 days (9.50 weeks), versus M = 100.37 days (14.34 weeks), SD= 
66.50 (11.08 weeks), t (226.41) = 3.266, p = .001).  
Maternal Stress 
Across both participant groups (maternal and teacher report) all four PNMS 
maternal stress variables were correlated (r’s ranging from .318 to .630, p < .001) 
indicating that all measures were related yet assessed different aspects of the maternal 
stress response. The composite stress score was moderately correlated with objective 
hardship in both samples (r = .531 to .566, p <.001). Additionally, a negative cognitive 
appraisal of the event was significantly correlated with higher levels of COSMOSS (r’s 
ranging from -.383 to -.410, p <.001) and Objective hardship (r’s ranging from -.589 to -
.607, p <.001) in both samples, and with each of the individual maternal stress measures. 
Child Anxiety Symptomatology 
As expected, both maternal measures of child anxiety symptoms (CBCL-Int and 
SPAS) were significantly correlated (r = .61, p <.001). Maternal reports of specific anxiety 
symptoms (SPAS) showed a low correlation with the teacher reports of internalizing 
behaviors (r = .27, p < .001). Maternal and teacher reports of internalizing behavior were 
not significantly associated. Descriptive statistics indicated that the vast majority of 
children in the present study experienced anxiety symptomology that placed them within 
the Normal range for their age (see Table 1), with no differences in sex for any outcome 
measured (data not shown).  
Associations between PNMS and child anxiety symptoms. Bivariate correlations 
between children’s anxiety symptom scores (SPAS), the predictor variables, and covariates 
are shown in Table 2. Of the PNMS measures, objective flood exposure and peritraumatic 
distress (PDI) were correlated with child anxiety symptoms: higher levels of PNMS were 
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associated with increased anxiety symptoms. As other significant life events during 
pregnancy, including postnatal depression, trait anxiety, and concurrent maternal mood, 
were all positively associated with specific anxiety scores, they were included as covariates 
in the initial regression model. Timing of exposure to the floods was curvilinearly 
associated with outcome scores and, therefore, a quadratic variable was created and 
included as a predictor in the initial regression. 
 
Table 2.2  
Correlations between Outcome scores and Predictor Variables and Covariates  
 
                                                        Internalizing Anxiety 
 
  CBCL C-TRF SPAS 
Predictor Variables     
Objective hardship a  .169^ .092 .216* 
Post-traumatic stress a  .143 .033 .139 
Peritraumatic dissociation a  .170 .029 .116 
Peritraumatic distress a  .205* .023 .228* 
Composite subjective stress  .189* .040 .174 
Cognitive appraisal b  -.092 .059 -.039 
Timing of exposure  -.058 .000 -.153 
Covariates     
School level(Years)  -.062 -.104 -.008 
Socio-Economic Index  -.081 -.025 -.116 
Child sex  -.074 .0.49 -.052 
Gest age at birth  -.010 -.086 .002 
Birthweight  .048 -.015 .079 
Prenatal LES  .123 .152 .195* 
6m Maternal Depression  .338** .012 .220* 
Trait Anxiety  .321** .134 .316** 
Concurrent Maternal Mood  .425** -.037 .265* 
Child age at assessment  .060 .016 -.009 
 
a log transformed scores used in correlation  
b Coding for cognitive appraisal: 0 = negative/very negative; 1 = neutral/ positive/very 
positive  
** p< 0.001, * p< 0.05, ^ p = .051 - 0.99   
 
After initial regression analyses were run, only STAI-trait was a significant 
covariate, with higher maternal trait anxiety predictive of greater child anxiety symptoms 
(p< .001). The quadratic timing of exposure variable was no longer significant and was 
therefore removed from the regression. Upon examination of LOESS curve and quadratic 
graphs, we determined that the quadratic effect was not due to outliers and that the effect 
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was linear and not quadratic when adjusting for the other predictors. See Table 3 for results 
of the trimmed regression model.  
Final regression analyses identified objective hardship (but not cognitive appraisal 
or subjective stress) as a significant predictor of SPAS scores (explaining 4% of the 
variance) with an increase in objective hardship associated with an increase in SPAS 
scores. Timing of exposure during gestation significantly predicted SPAS such that 
increased SPAS scores were observed for children of mothers exposed to the flood earlier 
in pregnancy (explaining an additional 4.1% variance). Finally, anxiety symptoms were 
greater for children of mothers with greater trait anxiety (an additional 11% variance). The 
final model accounted for 19.1% of the variance in child anxiety at 4 years (p< .001).  
Moderation analyses using trimmed regression models revealed no significant 
interactions between sex or timing of flood exposure and any of the flood-related variables. 
PNMS variables did not interact to explain variance in SPAS scores. 
 
Table 2.3  
Summary of Hierarchical Regression Analyses trimmed of all Non-significant Variables for Anxiety 
Symptoms 
Predictor 
Variables 
β B Std. 
Error 
R R² Δ R² F ΔF 
Step 1    .199 .040 .040 4.642* 4.642* 
Objective 
hardship 
.199* 2.397* 1.113      
Step 2    .285 .081 .041 4.892** 4.978* 
Objective 
hardship 
.208* 2.502* 1.094      
Timing of 
exposure 
-.203* -0.025* 0.011      
Step 3    .437 .191 .110 8.662** 14.971* 
Objective 
hardship 
.187* 2.244* 1.034      
Timing of 
exposure 
-.211* -0.026* 0.011      
Trait 
Anxiety 
.333** 0.362** 0.094      
** p< 0.001  * p< 0.05  ^ p = .051 - 0.99   
 
Associations between PNMS and mother-reported child internalizing 
behaviors. Bivariate correlations showed that peritraumatic distress as well as composite 
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subjective stress (COSMOSS) were significantly positively associated with CBCL-
Internalizing scores (see Table 2.2). This indicates an association between higher maternal 
ratings of internalizing behaviors and higher maternal stress measures. Increases in 
maternal postnatal depression at 6 months, trait anxiety, and concurrent mood at 4 years 
were significantly associated with increases in child CBCL-Internalizing scores and were 
included as covariates in the initial regression model. As objective hardship was 
curvilinearly related to CBCL-Internalizing scores, such that CBCL scores were lower 
when participants had experienced greater or less objective hardship, we included a 
quadratic variable in the initial regression at the same step as the linear objective hardship 
variable. We examined the LOESS curve and quadratic graphs and determined that the 
quadratic effect was not due to outliers. The effect was linear and not quadratic, given that 
the quadratic variable was non-significant when adjusting for the other predictors in the 
final model. The quadratic variable was removed, along with other non-significant 
covariates. In the final model, only 6-month postnatal maternal depression and 4-year 
concurrent maternal mood data (DASS) were included. See Table 4 for stepped results of 
the trimmed regression model. 
Final regression analyses identified objective flood exposure as a borderline-
significant predictor of CBCL-Internalizing scores (explaining 3.3% variance) with higher 
maternal objective hardship associated with higher CBCL-Internalizing scores. Higher 
maternal postnatal depression and concurrent mood also accounted for additional 
significant variance in the outcome (13.9% and 6.1% respectively), with higher scores on 
both maternal mood states indicative of greater child internalizing scores. The final model 
accounted for 23.3% of the variance in child anxiety at 4 years (p = .004). Moderation 
analyses using trimmed models revealed no significant interactions between sex or timing 
of flood exposure and any of the flood-related variables in relation to CBCL-Internalizing 
scores. 
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Table 2.4  
Summary of Hierarchical Regression Analyses Trimmed of All Non-Significant Variables for 
Internalizing Symptoms  
Predictor 
Variables 
β B Std. 
Error 
R R² Δ R² F ΔF 
Step 1    .182 .033 .033 3.874^ 3.874^ 
Objective 
Hardship 
.182^ 2.388^ 1.213      
Step 2    .415 .172 .139 11.662** 18.840** 
Objective 
Hardship 
.149^ 1.958^ 1.132      
6m Maternal 
Depression 
.375** 0.968** 0.223      
Step 3    .483 .233 .061 11.232** 8.755** 
Objective 
Hardship 
.156^ 2.051^ 1.095      
6m Maternal 
Depression 
.266* 0.583* 0.252      
Concurrent 
Maternal 
Mood 
.287** 0.157** 0.053      
** p< 0.001  * p< 0.05  ^ p = .051 - 0.99   
 
Associations between PNMS and caregiver-teacher reported child internalizing 
behaviors. Bivariate correlations showed no significant correlations between C-TRF 
Internalizing scores and any flood related variables or covariates. Hierarchical regression 
models showed no significant predictors associated with the child’s C-TRF Internalizing 
scores. Moderation analyses showed no significant interactions of sex or timing of 
exposure with any of the PNMS variables on C-TRF Internalizing scores, nor did any of 
the PNMS variables interact to predict the outcome.  
Discussion 
To the best of our knowledge, this prospective, longitudinal study is the first to 
propose a direct link between maternal hardship due to a natural disaster during pregnancy 
and increased child anxiety symptomatology at 4 years. Findings were established for 
maternal (CBCL-Internalizing and SPAS measures) but not teacher reports (C-TRF 
Internalizing) of child symptoms. In addition, exposure to disaster earlier in pregnancy, 
regardless of the severity of stress, was associated with increased child anxiety symptoms 
(SPAS). Findings were established independent of a mother’s cognitive appraisal of the 
54 
 
 
stressor and her subjective response to the event, as well as relevant covariates. Moderating 
effects of child sex or timing of exposure were not found, nor did we find interactive 
effects between the various types of PNMS investigated.  
The discrepancy between findings based on maternal and teacher reports is 
consistent with previous PNMS literature (Leis et al., 2014) and is common in the broader 
literature (Rescorla et al., 2014). Discrepancies across informants are thought to be the 
result of differences in child behavior due to varying interactions and social settings 
(Achenbach, McConaughy, & Howell, 1987). Maternal measures of internalizing behaviors 
and anxiety symptomatology are widely used in the literature and have been found to have 
good convergent validity with observational reports (S. L. Edwards, Rapee, Kennedy, & 
Spence, 2010; Mian, Carter, Pine, Wakschlag, & Briggs-Gowan, 2015). Potential maternal 
reporter bias was accounted for by controlling for concurrent maternal mood (Najman et 
al., 2000).  
In the current study, objective hardship accounted for greater variance in specific 
anxiety symptoms compared to internalizing behaviors (4% and 3.3% respectively). This 
suggests that PNMS may play a more significant role in the development of specific 
anxiety symptoms. However, anxiety symptoms are only beginning to be expressed 
independently of other internalizing behaviors at 4 years of age, making differentiation of 
specific anxiety symptoms from other affective symptoms difficult (Spence et al., 2001). 
By continuing to follow the development of the QF2011 cohort, we will be able to more 
fully understand whether objective hardship-PNMS affects internalizing behaviors and 
symptoms indicative of affective and anxiety diagnoses more broadly or specific anxiety 
symptoms later in development. Overall, our results suggest that greater objective hardship 
during pregnancy is a predictor of greater child anxiety symptomatology development. 
Objective Hardship and Childhood Anxiety Symptomatology 
The current study supports previous findings showing child developmental 
alterations due to objective hardship caused by independent stressors (K. N. Dancause, 
Veru, Andersen, Laplante, & King, 2013; Laplante et al., 2004; Laplante, Brunet, Schmitz, 
Ciampi, & King, 2008; G. T. Liu, Dancause, Elgbeili, Laplante, & King, 2016; Simcock et 
al., 2017a). While our research provides support for the fetal programming hypothesis for 
anxiety symptoms, the biological mechanism(s) through which objective hardship impacts 
the intrauterine environment and fetal development are still unknown. 
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Maternal transference of objective hardship or exposure to the fetus may occur 
through a single pathway or combination of pathways. Research suggests that maternal 
cortisol may be one mechanism through which HPA axis development is affected (Charil, 
Laplante, Vaillancourt, & King, 2010; Davis et al., 2011). Further, studies show that 
physiological stress markers and maternal psychological reports of stress are independent 
predictors of child development, including child anxiety (Davis & Sandman, 2012; 
Dipietro, 2012; Glover, 2014). Objective hardship alone may lead to maternal cortisol 
alterations, as mothers’ physiological changes could occur without maternal awareness of 
psychological stress.  
Alternatively, it could be that maternal pregnancy behaviors are altered in response 
to increased objective hardship, resulting in changes in the fetal intrauterine environment 
(Monk et al., 2013). Within our QF2011 cohort, more negative maternal diet changes 
during pregnancy as a consequence of the flood mediated the effects of increased objective 
hardship, leading to increased head circumference for gestational age and head sparing 
phenomenon (Dancause et al., 2016). Research suggests that poor maternal nutrition in 
utero may alter fetal HPA axis development in animals (see Gluckman & Hanson, 2006 for 
a review), as well as human depressive symptoms (Brown, Susser, Lin, Neugebauer, & 
Gorman, 1995; Brown et al., 2000) and externalizing behaviors (Jacka et al., 2013). 
Alternatively, increased strenuous activity due to the floods (e.g., sand-bagging, removing 
property from houses) captured in our measure of objective hardship may have led to 
changes in the intrauterine environment via decreased blood flow to the uterus (Szymanski 
& Satin, 2012). Indeed, the more a woman’s property was within the flood zone, the more 
physically demanding her preparation and recovery activities may have been, due to 
increased risk of property loss and damage.  
Further, the specific alterations to fetal development due to objective hardship are 
still unknown. Objective hardship has been associated with child epigenetic alterations 
(Cao-Lei et al., 2014), variability in fetal heart rate, and suppression of motor activity 
(Dipietro, 2012). Epigenetic changes have been found to mediate the effects of objective 
hardship, but not subjective stress, on children’s BMI and adiposity, as well as child 
immune states (Cao-Lei et al., 2015, 2016). Researchers hypothesize that fetal response is 
potentially due to perceptual detection of changes in the intrauterine milieu (Dipietro, 
2012). Such research supports our finding of differential long-term effects of varying types 
of PNMS on child outcomes and supports the need for investigation of each aspect of 
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PNMS within the same cohort. The current findings reveal several possible future avenues 
of research with regards to the mechanisms underlying the role of objective hardship as a 
result of independent stressors.  
Subjective Stress 
In the current study, we found no unique or additive effects of subjective distress or 
cognitive appraisal on any outcome measured. In contrast, previous literature suggests an 
association between types of maternal mood, as well as stress, during pregnancy and 
measures of child anxiety symptomatology (e.g., Park et al., 2014; Van Den Bergh & 
Marcoen, 2004). Direct comparison to such studies suggests a broad risk phenotype of 
PNMS on anxiety symptomatology, however varying aspects of PNMS (i.e., long-standing 
anxiety vs. subjective stress in response to an independent stressor vs. objective hardship) 
may operate under different biological mechanisms (Dancause et al., 2012), leading to 
varying outcomes (Liu et al., 2016). Still, discrepant results across studies highlight the 
importance of accounting for maternal trait anxiety, postnatal maternal mood and the 
timing and extent of exposure to a stressor experienced in studies investigating PNMS 
effects (King et al., 2012). Our results, in this instance, suggest that it is an environmental 
effect, regardless of a mother’s subjective distress, that leads directly to greater anxiety 
symptomatology in the child. 
Disaster Studies 
 We report a unique effect of objective hardship, such that increases in both child 
internalizing and anxiety symptoms were associated with increased maternal objective 
hardship, regardless of a mother’s subjective distress or cognitive appraisal of the event. 
This contrasts with previous disaster research (Huizink et al., 2007; King et al., 2012), 
suggesting that the stress experience (maternal and fetal) may depend on the nature of the 
disaster, leading to differential outcomes during development.  
 In contrast to the current study, Huizink et al. (2007) found no difference in 
adolescent anxiety outcomes of pregnant women exposed to the Chernobyl accident and a 
non-exposed control group (women pregnant in the year prior to or after the accident). It is 
possible that programming effects vary across development (e.g. King et al., 2012; 
Simcock et al., 2018). It is also possible that, in a cohort of relatively high SES, educated 
women, the children exposed to Chernobyl experienced advantageous postnatal 
environments, ameliorating programming effects by the time of assessment at 14 years. As 
neither the extent of exposure nor subjective distress of the mothers in reaction to the 
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stressor were measured, further understanding of the role of fetal programming in this 
study is compromised (Huizink et al., 2007). As neither the extent of exposure nor 
subjective distress of the mothers in reaction to the stressor were measured, further 
understanding of the role of fetal programming in this study is compromised (Huizink et 
al., 2007). 
 In contrast to the current findings, Project Ice Storm researchers found an 
association whereby subjective PTS symptoms due to the storm were associated with 
greater internalizing behavior in children, in addition to an interactive effect of subjective 
and objective PNMS (King et al., 2012). Due to the different objective hardship measures 
used across these studies, adapted to each type of natural disaster, the findings cannot be 
directly compared. However, it is possible that elements of an ice storm experience are 
more subjectively distressing than the experience of flooding (e.g., the extended loss of 
power during a winter disaster compared to a summer event). Research does suggest that 
peri- and post-traumatic symptom severity is lowest after experiencing flooding compared 
to other natural disasters (e.g., fire, earthquake; Grimm, Hulse, Preiss, & Schmidt, 2012).  
The percentage of women in our recruited cohort with scores suggestive of PTSD 
diagnoses (IES-R scores greater than or equal to 33; N = 230; 4.8%) was almost half that in 
Project Ice storm’s cohort (N = 222; 8.6%; unpublished data from authors). It is indeed 
possible that the lack of higher PTS symptoms in QF2011 compared to Project Ice storm 
makes it difficult for the current study to detect the effects at the higher end of the PTS 
spectrum, thus compromising our understanding of the role of subjective stress in response 
to objective hardship of a disaster.  
Sex and Timing Effects 
Consistent with previous literature suggesting mixed or null findings (Barker et al., 
2011; Davis & Sandman, 2012; O’Connor et al., 2002; O’Donnell, Glover, Barker, et al., 
2014; Van Den Bergh & Marcoen, 2004), we found no moderating effect of timing of 
exposure to the floods or child sex on any of our hypothesized PNMS associations. 
Importantly, our small sample size may have affected our power to detect significant 
moderating effects, although other QF2011 analyses with similar sample sizes have been 
able to detect interactions with respect to infant motor development (Moss et al., 2017; 
Simcock, Kildea, et al., 2016). Alternatively, it is possible that PNMS effects may depend 
on a combination of sex and timing rather than these effects acting as unique moderators, 
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which is an avenue for future research (de Bruijn et al., 2009). It is also possible that sex 
and even timing effects could emerge at later ages. 
Interestingly, earlier exposure to the stressor during gestation predicted increased 
anxiety symptoms but not internalizing behaviors, when controlling for maternal level of 
exposure. Due to the active growth of the brain during early gestation, biological processes 
associated with anxiety symptoms in ascendance (e.g., differentiation of the amygdala; 
Lupien, McEwen, Gunnar, & Heim, 2009; Welberg & Seckl, 2008) could have been 
affected via indirect impact of exposure (e.g., media coverage, other family involvement, 
community recovery involvement). Across PNMS cohorts, timing of the flood in 
pregnancy, regardless of severity and/or subjective stress, has been associated with 
alterations in toddler stress reactivity (Yong Ping et al., 2015), birth weight (Hilmert, 
Kvasnicka-Gates, Teoh, Bresin, & Fiebiger, 2016), and infant personal-social skills 
(Simcock et al., 2016). 
Alternatively, the current timing effect could be attributed to seasonal birth effects: 
women exposed early in pregnancy to the floods birthed children in the following spring. 
Research suggests an increased prevalence of emotional behavioral disorders, including 
broader internalizing problems (Polizzi, Martin, & Dombrowski, 2007), as well as 
behavioral inhibition (a predictor of anxiety; Gortmaker, Kagan, Caspi, & Silva, 1997) and 
specific anxiety symptoms (Greer, 2005; Parker & Neilson, 1976) associated with spring 
births. Fetal central nervous system development is thought to be negatively affected due to 
the increase in influenza and maternal ill health during winter months, when mothers of 
spring babies are pregnant (Cagnacci, Pansini, Bacchi-Modena, Volpe, & Georm, 2006; 
Laplante, Brunet, & King, 2016). Whilst both explanations are plausible, direct assessment 
of maternal ill health and the mechanisms that may be involved in the transmission of 
exposure to a disaster (i.e., maternal/fetal blood, placentas) resulting in specific anxiety 
symptoms are needed to clarify our finding. 
Limitations 
There are several limitations to our study, and results should be interpreted in light 
of these. The dyads recruited were from a relatively homogenous high SES, well-educated 
sample, and hence our findings may not be generalizable to other populations. Further 
research using a larger sample, from a more socially diverse cohort is needed. While the 
majority of children in this sample did not experience clinically severe symptoms, our 
results indicate that even when social and socioeconomic conditions are favorable, 
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objective hardship can impact childhood anxiety symptomatology in the form of altered 
behavior. As noted, continued tracking of QF2011 participants may assist further in 
examining the clinical significance of these findings. As with most prospective longitudinal 
studies, the QF2011 project has experienced attrition since recruitment. In this sample, 
participants were more educated than non-responders and experienced the floods later in 
gestation, however, there were no differences between responders and non-responders of 
the 4-year surveys on any PNMS variables or other predictive measures of anxiety 
symptomatology considered, indicating such differences did not impact results. Finally, 
while a natural disaster design design affords us the examination of the effects of the onset 
of stress, the duration of stress following the event is unknown. As a strength to the study, 
we included a measure of early postnatal mood to account for this potential confound.  
Conclusions, Implications and Future Research 
The current findings suggest that increased maternal exposure to an independent 
stressor during pregnancy alone can have a programming effect on childhood anxiety, 
above and beyond maternal psychosocial factors. These findings highlight the need for 
PNMS research to investigate each variant of PNMS within the same cohort, to understand 
the relative role of each aspect on child development. Given the long-term personal and 
societal costs of anxiety disorders (Almond & Healey, 2003; Conrod & Stewart, 2008; 
Woodward & Fergusson, 2001), the results underscore the importance for greater clinical 
understanding and consideration of prenatal neurobehavioral development. Importantly, as 
our results differed from previous natural disaster studies (Huizink et al., 2007; King et al., 
2012), we suggest that future research should account for the nature of the disaster. These 
findings raise potential future research questions as to the underlying maternal and fetal 
mechanisms involved in the association between objective PNMS and childhood anxiety 
symptomatology. Future studies should consider the role of established predictors of 
anxiety symptomatology, namely temperamental dimensions (e.g., attention regulation, 
fear; Muris & Ollendick, 2006) that have been associated with PNMS (Bergman, Sarkar, 
O’Connor, Modi, & Glover, 2007; Huizink, De Medina, Mulder, Visser, & Buitelaar, 
2002) and the role of parenting styles during a child’s development involved in the 
development and maintenance of anxiety symptoms (Ollendick & Grills, 2016). 
Knowledge of the additive effects of predictors of anxiety will assist with clinical 
intervention following in utero exposure to PNMS.   
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Part II: Developmental Pathways from Prenatal Maternal Distress to Anxiety: 
Endogenous and Exogenous Psychosocial Mechanisms  
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Chapter 3: Toddler Temperament Mediates the Effect of Prenatal Maternal Stress on 
Childhood Anxiety Symptomatology: The QF2011 Queensland Flood Study 
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Abstract 
It is not known whether alterations to temperamental characteristics caused by PNMS 
exposure may account for the development of anxiety symptomatology (including 
internalizing behaviors and anxiety symptoms) in early childhood. To address this gap, we 
examined whether (1) toddler temperamental characteristics explained the association 
between PNMS exposure and early childhood anxiety symptomatology; and (2) whether 
these effects were sex-specific or dependent upon the timing of gestational exposure to 
PNMS.  
The Queensland Flood study (QF2011) investigated the effects of various aspects of 
flood-related PNMS (objective hardship, cognitive appraisal, subjective distress) on 
maternal report of 16-month toddler temperament (attentional control, shy-inhibition, 
negative reactivity) and 4-year maternal reported childhood anxiety symptomatology 
(internalizing and anxiety symptoms; N = 106), as well as teacher reports of internalizing 
behaviors (N = 77). 
Maternal exposure to objective hardship during pregnancy was directly associated 
with anxiety symptoms at four years. Mediation models found some support for the role of 
negative reactivity in the development of maternal- but not teacher-reported internalizing 
behaviors following PNMS exposure. Higher levels of negative reactivity in toddlers 
accounted, in part, for the relationship between increased maternal objective hardship due to 
a flood disaster and greater internalizing problems. After accounting for PNMS, higher levels 
of shy-inhibitory behaviors was associated with 4-year anxiety symptoms, while negative 
reactivity in toddlerhood was associated with greater internalizing problems at this age. 
Neither the child’s sex nor gestational timing of exposure moderated the hypothesized 
mediations.   
Our findings highlight several pathways through which varying aspects of PNMS, 
in the form of disaster exposure, may influence early childhood anxiety and elucidate 
intervention points for at-risk families.   
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Introduction 
Anxiety and broader internalizing behaviors (i.e., behaviors focused inward) 
constitute the most common mental health problems reported by children. Approximately 
one-fifth of four- to seven-year-old children experience anxiety disorders as rated by 
parents (Paulus, Backes, Sander, Weber, & von Gontard, 2015), with similar prevalence 
rates for internalizing problems reported in school-age children (Beesdo et al., 2009; 
Dittman et al., 2011). Equally alarming, as many as 49% of youths experience sub-clinical 
anxiety symptoms (Muris, Merckelbach, Mayer, & Prins, 2000). Experiences of anxiety 
symptoms and internalizing problems (“anxiety symptomatology”) can persist into 
adolescence and adulthood (Asendorpf, Denissen, & van Aken, 2008) and negatively 
impacting a child’s school (Duchesne, Vitaro, Larose, & Tremblay, 2008) and social 
functioning (Settipani & Kendall, 2013)   
Temperament and Anxiety Symptomatology 
The major models of temperament propose that infant temperament is 
constitutionally based and refers to individual differences in reactivity and regulation 
(Mervielde & de Pauw, 2015). Researchers have long recognized individual differences in 
temperamental characteristics as important vulnerability markers for the onset of childhood 
and adolescent anxiety symptomatology (Bayer et al., 2018; Forbes, Rapee, Camberis, & 
McMahon, 2017; Humphreys, Schouboe, et al., 2018). Internalizing and anxiety symptoms 
may have shared, but also unique, temperamental precursors. The presence of more shy-
inhibited behaviors (fearful withdrawal from unfamiliar people, displays of shyness) and 
associated behavioral inhibition (withdrawal and fear in novel and/or unfamiliar situations) 
are consistently related to greater anxiety symptoms in later childhood (Edwards, Rapee, & 
Kennedy, 2010; Paulus et al., 2015; Sanson et al., 2008), particularly social anxiety (Clauss 
& Blackford, 2012). Associations between shy-inhibited temperament and later 
internalizing behaviors have also been established (Abulizi et al., 2017; Bayer et al., 2018). 
Empirical studies suggest that negative reactivity (anger, distress at limitations, moodiness, 
irritability) are involved in the prediction of anxiety symptoms (Ann Sanson et al., 2008). 
However, measures of negative reactivity are more consistently associated with the 
development of broader internalizing problems(Humphreys, Schouboe, et al., 2018; Savage 
et al., 2015; Stringaris, Maughan, Copeland, Costello, & Angold, 2013). Finally, attentional 
focusing and shifting (attentional control), a regulatory behavior, may play a smaller direct 
role in both internalizing behaviors (Eisenberg, Spinrad, & Eggum, 2010; Gartstein, 
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Putnam, & Rothbart, 2012) and anxiety disorders in childhood (Hadwin, Visu-Petra, Muris, 
Derakshan, & Macleod, 2016; Muris, de Jong, & Engelen, 2004). 
An alternative way of considering these relationships involves the possibility that 
dysregulated temperamental characteristics may interact within an individual in a risk and 
resiliency fashion, to predict the development of anxiety symptomatology (e.g., negative 
reactivity and attentional control; Muris & Ollendick, 2006; Nozadi et al., 2016). For 
example, better attentional control may help negate a highly reactive toddler’s automatic 
attention bias to threat by drawing their attention away from the threatening or worrying 
stimuli. This allows the toddler to engage in prosocial behaviors, which are predictive of 
better adjustment (Eisenberg et al., 2010). Studies suggest that, in early childhood, greater 
negative emotionality (fear, irritability, distress) may only be associated with increased 
internalizing problems and anxiety symptoms when attentional control and associated self-
regulatory behaviors (orientation duration and, later, effortful control) are low (Gartstein et 
al., 2012; Lonigan, Vasey, Phillips, & Hazen, 2004). 
The Role of Prenatal Maternal Stress 
An individual’s temperament is shaped, in part, by the prenatal environment 
(Braithwaite et al., 2017; Simcock et al., 2017a). Prenatal maternal stress (PNMS) is proposed 
to affect infant temperament via the alteration of fetal neural systems involved in regulation 
and reactivity (e.g., the hypothalamic-pituitary-adrenal [HPA] axis, the amygdala), 
commonly known as fetal programming (Gluckman & Hanson, 2006). A number of studies 
have linked various aspects of PNMS (depression, anxiety, stress) to altered infant 
reactivity and regulatory behaviors (Korja, Nolvi, Grant, & McMahon, 2017). The majority 
of studies suggest small to moderate negative effects of PNMS on global aspects of 
temperamental negative emotionality and difficult temperament (negative affectivity, 
intense reactions, low cooperation, low manageability), with fewer studies investigating the 
effects on regulatory behaviors (attentional control, effortful control), specific aspects of 
negative emotionality (e.g., fear versus irritability) or surgency (positive affect) across 
early development(Korja et al., 2017) Child and adolescent anxiety symptomatology has 
also been linked to PNMS exposure (McLean, Cobham, & Simcock, 2018). The effects of 
PNMS on temperament and anxiety symptomatology have led to suggestions that 
temperamental alterations due to PNMS exposure may increase toddlers’ vulnerability for 
developing childhood psychopathology (Braithwaite et al., 2017; Korja et al., 2017). If this 
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is the case, it offers a significant opportunity for targeted early intervention prior to anxiety 
symptomatology development.  
Two recent studies found that various types of PNMS effected infant and toddler 
negative emotionality (Glynn, Howland, Sandman, et al., 2018; Lin, Crnic, Luecken, & 
Gonzales, 2017). Maternal stress in response to significant life events in pregnancy 
uniquely predicted higher levels of negative emotionality at 6 weeks but not at 12 months, 
for both boys and girls. Girls internalizing problems at 18 months were independently 
predicted by PNMS (Lin et al., 2017). Exposure to less predictable patterns of maternal 
mood throughout gestation was associated with negative affectivity (emotionality) in 
children at 12 and 24 months, and 7 years of age (Glynn, Howland, Sandman, et al., 2018). 
Child anxiety at 10 years was similarly impacted (Glynn, Howland, Sandman, et al., 2018). 
Effects on child temperament and anxiety were independent; and no mediating effects of 
temperament between PNMS and anxiety or internalizing were found. Importantly, the 
effects of PNMS on specific aspects of negative emotionality (e.g., irritability, distress to 
limitations), shy-inhibitory behaviors and regulatory behaviors which play a role in the 
development of early internalizing problems and anxiety symptoms (Clauss & Blackford, 
2012; Gartstein et al., 2012; Muris et al., 2004) were not examined. This pathway is also 
yet to be tested within a methodologically rigorous study design, such as a natural 
experiment design. 
Natural Disaster PNMS Studies 
Natural disaster PNMS studies allow for a thorough examination of the 
unique effects of various aspects of the stressful experience (including subjective 
post-traumatic distress–like symptoms, objective hardship due to the stressor and 
appraisal of the impact of the event) on child development. Importantly, the natural 
experiment design reduces the likelihood of associations identified being dependent 
of mother-child personality confounds and other co-occurring risk factors, such as 
socio-economic status (King et al., 2012; S. J. Lewis et al., 2013). Further, due to 
the sudden onset nature of disasters, the potentially differential effects of the timing 
of stressor exposure during gestation can be examined in relation to child outcomes. 
Findings from prospective-longitudinal cohorts show that disaster-related 
PNMS can have negative effects on aspects of infant temperament and child anxiety 
symptoms. Greater maternal subjective distress due to exposure to a severe ice 
storm predicted greater infant difficultness at 6 months of age (Laplante et al., 
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2016) and internalizing problems across early to late childhood (King et al., 2012). 
Research with the current cohort, the QF2011 Queensland Flood Study, showed that 
at 6 months lower levels of maternal objective hardship predicted greater irritability in 
girls, but at higher levels of objective hardship, boys displayed greater irritability. No effect 
of PNMS on early shy-inhibited behaviors was established (Simcock et al., 2017a). At 4 
years, QF2011 children whose mothers who experienced greater flood-related objective 
hardship in early gestation experienced greater anxiety symptoms and internalizing 
problems (McLean, Cobham, Simcock, et al., 2018). Infants exposed in-utero to Hurricane 
Sandy (‘Superstorm Sandy’) were more fearful and showed poorer attentional control at 6 
months than un-exposed infants, yet fearfulness decreased from 6 to 24 months (Zhang et 
al., 2018). When investigated, there were no effects of PNMS on temperament or anxiety 
symptomatology by gestational timing of disaster exposure in any of these cohorts.  
Individual studies suggest unique effects of disaster-related PNMS on both infant 
and toddler temperament, as well as on anxiety symptomatology (Laplante et al., 2016; 
McLean, Cobham, Simcock, et al., 2018; Simcock et al., 2017a; Zhang et al., 2018). Yet, 
no study reports the role of toddler temperamental characteristics on the development of 
childhood anxiety symptoms in a disaster-related prenatally stressed cohort. In the current 
study, we seek to address this gap. In doing so, we focus on fine-grained dimensions of 
temperament during late infancy and early toddlerhood when considering pathways from 
PNMS to anxiety symptomatology, as vulnerability markers may differ for internalizing 
and anxiety symptoms and as negative emotionality increases from infancy to early 
toddlerhood (Braungart-Rieker, Hill-Soderlund, & Karrass, 2010) and shy-inhibited 
temperaments are more stable from toddlerhood onwards (Prior, Smart, Sanson, & 
Oberklaid, 2000). Some argue that it is only in the second half of the first year of life that 
attentional control abilities develop (Posner & Rothbart, 2000).  
Child Sex 
Another key objective is to examine the role of child sex in the development of 
early childhood anxiety symptomatology. Processes underlying fetal programming may be 
sex-specific (Glover & Hill, 2012). The “viability-vulnerability trade-off” (Sandman, 
Glynn & Davis, 2013) suggests that females adopt strategies to increase their survival, 
while males may prioritise growth. This is potentially due to placental functioning differing 
between the sexes (Clifton, 2010). Indeed, male fetuses show higher rates of preterm births 
and perinatal mortality (Di Renzo, Rosati, Sarti, Cruciani & Cutuli, 2007; Dunn, Prior, 
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Greer, & Kumar, 2015). Females may be more likely to survive to term within suboptimal 
intrauterine environments (Catalano, Bruckner, Marks & Eskenazi, 2006; Stormer, 2011) 
but are more likely to experience intrauterine growth restriction (Engel, Engel, Smith, 
Brinsmead & Bowe, 2008). Inutero adaptation and thus survival may come at a cost, with 
females ultimately developing increased fearfulness and anxiety later in development 
(Sandman, Glynn & Davis, 2013). In recent empirical work, exposure to more stressful life 
events has been associated with increased fear responses (Ostlund et al., 2016) and 
internalizing symptoms in girls only (Lin et al., 2017). 
            Bale (2009) proposed an alternative hypothesis. She suggests that 
dymasculinisation of male offspring due to PNMS may be one pathway explaining findings 
of strong PNMS effects on boy’s behavior (e.g. Loomans et al., 2011). PNMS may – 
during gestation – disrupt the normal exposure to testosterone necessary for sexual 
differentiation (Ward, 1972). Indeed, other research suggests that boys are more susceptible 
to PNMS exposure, displaying increased distress to limitations, poorer attentional control 
(Bush et al., 2017; Henrichs et al., 2009) and irritability (Simcock et al., 2017a) in infancy, 
as well as greater behavior problems in early childhood (T. G. O’Connor, Heron, Golding, 
Glover, & ALSPAC Study Team, 2003).  
Finally, it may be the type of behavioral outcome that is influenced by the 
interactive nature of sex and PNMS (Glover & Hill, 2012). Findings suggest that boys may 
expereince hyporeactivity while girls experience hyperreactivity following PNMS (Tibu, 
Hill, Sharp, Marshall & Glover, 2014; Yong Ping et al., 2015), which may translate to 
increased PNMS-related externalizing problems in boys and internalizing problems in girls 
(Lin et al., 2017; Loomans et al., 2011) with some exceptions (Gerardin et al., 2011). 
Glover and Hill (2012) suggest that these alterations may be adaptive from an evolutionary 
perspective. Following the experience of a stressful prenatal environment, and anticipation 
of a stressful postnatal environment, females and males may adapt to ensure they survive. 
Females may need to be more reactive and hypervigilant as they are more likely to stay in 
one place and look after their young. Males however, may need to be more adaptive to 
exploring new environments and be more aggressive in hunting and competing with other 
males to survive in stressful postnatal environments.  
 From a developmental psychopathology perspective, the investigation of the 
moderating factor of sex has potential implications for the etiology of anxiety in childhood 
and increased prevalence of symptoms (Beesdo et al., 2009; Kessler, Keller, & Wittchen, 
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2001; Letcher, Sanson, Smart, & Toumbourou, 2012; L. Rescorla et al., 2007) and 
associated neurobiological differences evident in females with anxiety and affective 
disorders (Rubinow & Schmidt, 2019). The theoretical frameworks and research reviewed 
suggests that exposure to stress in pregnancy may account for some of these sex-based 
differences. Unpacking the nature of these differences is a complex endeavor and therefore 
worthy of further exploration.   
The Current Study 
 In January 2011, 78% of the state of Queensland, Australia, was declared a disaster 
zone due to the worst flooding in 35 years. The QF2011 Queensland Flood Study was 
established to prospectively track the immediate and long-term effects of aspects of flood-
related PNMS on birth outcomes and development across childhood (King et al., 2015). In 
the current study, we examine whether pathways of anxiety symptomatology development 
following in-utero exposure to varying levels of flood-related PNMS are explained by 
alterations to infant temperamental characteristics. 
The aims of the current study are: 
 Aim 1. To examine whether dimensions of toddler temperamental negative 
emotionality (reactivity and/or shy-inhibited) and regulatory behaviors (attentional control) 
mediate associations between disaster-related PNMS and early childhood anxiety 
symptomatology. Specifically, we hypothesized two indirect pathways: 
(a) Greater exposure to maternal PNMS (objective, subjective, and/or cognitive 
appraisal) would result in greater toddler negative reactivity and/or shy-inhibited 
behaviors and/or poorer attentional control, which, in turn, would lead to higher 
levels of maternal-reported anxiety symptoms at four years. Given the extant 
literature, we hypothesize that shy-inhibited behaviors are most likely to mediate 
the pathway. See Figure 3.1.  
(b) Greater exposure to maternal PNMS (objective, subjective, and/or cognitive 
appraisal) would result in greater toddler negative reactivity and/or shy-inhibited 
behaviors and/or poorer attentional control, which, in turn, would lead to higher 
levels of maternal- and/or teacher-reported internalizing symptoms. Given the 
extant literature, we hypothesize that negative reactivity behaviors are most likely to 
mediate the pathway. See Figure 3.2. 
Aim 2. (i) To understand whether the effects shown in Figure 1 are dependent on 
the child’s sex and/or timing of exposure to PNMS. Based on previous findings (Henrichs 
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et al., 2009; Simcock et al., 2017a), we hypothesized that boys may display greater 
negative reactivity and, therefore, (a) internalizing behaviors, while girls may display 
greater shy-inhibited behaviors prior to developing (b) anxiety symptoms.  
(ii) Due to the limited prior findings regarding the moderating role of timing 
of PNMS exposure on (a) anxiety symptoms and (b) internalizing behaviors, 
moderation hypothesise were exploratory. Based on prior findings within our cohort 
(Mclean et al., 2018) we hypothesise that greater childhood anxiety symptoms may 
be directly associated with exposure to the floods earlier in pregnancy.   
See Figures 3.1 and 3.2. 
Aim 3. To examine whether temperamental reactivity and regulation 
characteristics interact to predict child anxiety symptomatology in the disaster-
exposed PNMS cohort.  Prior research suggests attentional control may moderate 
the effects of reactive temperamental styles (Gartstein et al., 2012). Following 
initial mediation models, we also explored whether attentional control would buffer 
the effects on anxiety and/or internalizing behaviors of PNMS-influenced reactive 
temperamental characteristics (negative reactivity and/or shy-inhibited behaviors; 
Aims 1 and 2).  
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Figure 3.1. Conceptual diagram outlining the full, moderated mediation model that was run 
to determine whether the indirect effects of disaster-related PNMS on child anxiety 
symptoms were conditional on a) child sex or b) timing of exposure. 
 
 
 
Figure 3.2. Conceptual diagram outlining the full moderated mediation model that was run 
to determine whether the indirect effects of disaster-related PNMS on child internalizing 
behaviors were conditional on a) child sex or b) timing of exposure. 
Materials and Methods 
Participants 
From April 2011 (when ethical approval was received) to January 2012 (one-year post-
flood), we recruited 230 English-speaking women who were pregnant and at least 18 years 
of age, at the peak of the flood. All women provided written, informed consent for each 
part of the study. The study had ethical approval from Mater Research (1844M) and The 
University of Queensland (2013001236). Our protocol paper details information regarding 
participant recruitment, response rates and recruitment sample characteristics (King et al., 
2015). Following prior research (Moss et al., 2017; O’Connor et al., 2003), we excluded 
infants with birthweights under 2500g and premature infants born earlier than 36 weeks’ 
gestation (n = 2). Prenatal maternal stress has been associated with low birth weight and 
premature births (Lobel et al., 2008; Nkansah-Amankra et al., 2010; Zhao et al., 2015). 
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Moreover, children born premature and/or at a low birth weight have been found to be at 
risk of altered developmental outcomes including later anxiety symptomatology (Anderson, 
2003; Aylward, 2014; Brummelte et al., 2011; Vinall et al., 2013). A total of 106 mother-
child dyads had complete data at recruitment, maternal reports of temperament at 16 
months (all dimensions) and 4-year anxiety symptoms (N = 105) and/or internalizing 
problems (N = 105). The second sample consists of 77 mother-child dyads with maternal 
report of temperament at 16 months and 4-year teacher-reported internalizing problems.  
Measures 
PNMS. Mothers reported on three aspects of PNMS at recruitment and/or 
12 months post-flood.  
           Objective hardship related to the flood was assessed using the Queensland Flood 
Objective Stress Scale (QFOSS; Appedix E). The measure was adapted from scales 
designed by our group for previous disaster studies (Brock et al., 2014; Laplante et al., 
2004). QFOSS assessed information regarding the severity of hardship experienced under 
four dimensions of flood-related exposures: threat, loss, scope, and change. The items in 
each scale and their scoring are presented in the supplementary material in the published 
protocol (King et al., 2015) and Appendix E. Each dimension was scored between 0 (no 
impact) and 50 (extreme impact), with a maximum overall QFOSS score of 200. Because 
the distribution was positively skewed, a natural log transformation was conducted to 
normalize the data. 
 To assess the mother’s cognitive appraisal of the overall impact of the event, 
mothers responded to the question, “If you think about all of the consequences of the 2011 
Queensland flood on you and your household, would you say the flood has been…?” 
Mothers’ rated their appraisal of the event on a five-point scale from “Very negative” (-2) 
to “Very Positive” (+2). The variable was dichotomized into “Negative/Very negative” (0) 
and “There were no consequences/Positive/Very positive” (1), due to the narrow range of 
responses on this scale and to isolate a negative cognitive appraisal by the mother. 
            Mothers completed three measures of subjective stress related to the flood. Each 
measure used a five-point rating scale: 0 (not at all true) to 4 (extremely true). Post-
traumatic stress disorder (PTSD) symptoms (e.g., severity of intrusive thoughts, 
hyperarousal, and avoidance) in reaction to the flood were assessed using the 22-item 
Impact of Event Scale – Revised (IES-R) (Weiss & Marmar, 1997). The Peritraumatic 
Distress Inventory (PDI) is a 13-item scale asking participants to retrospectively report and 
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rate emotional and physical reactions that they experienced during and immediately 
following a traumatic experience (Brunet et al., 2001). The 10-item Peritraumatic 
Dissociative Experiences Questionnaire (PDEQ) (Marmar et al., 1997) measures 
peritraumatic dissociative reactions to a specific trauma. These measures demonstrate good 
psychometric properties (Brooks et al., 2009; Creamer et al., 2003) and the PDI is 
predictive of PTSD (Guardia et al., 2013). 
 To reduce the number of variables in the analyses conducted, the total scores from 
all three measures of subjective stress were used to compute a COmposite Score for 
MOthers’ Subjective Stress (COSMOSS) via Principal Component Analysis (PCA). The 
PCA derived algorithm was: COSMOSS = (0.358 X IESR) + (0.397 X PDI) + (0.387 X 
PDEQ). The resulting standardized factor explained 76.68% of the overall subjective stress 
variance. 
Toddler temperament. At 16 months of age, mothers reported on their toddlers’ 
temperament via The Short Temperament Scale for Toddlers (STST) 58, normed for the 
Australian population. Prior work has demonstrated the sound psychometric properties of 
this measure when normed for Australian populations (Prior et al., 1989). Parents rated the 
occurrence of common toddler behaviors on a six-point Likert scale (1, almost never; 6, 
almost always). Six dimensions of infant temperament are assessed across 30 items: 
approach-withdrawal, rhythmicity, cooperation-manageability, activity-reactivity, 
persistence, and distractibility. Normed factor scores are calculated from raw scores on 
each dimension. Scores of +1 SD above the standardized mean on each dimension 
represent difficult temperamental qualities, with scores -1SD below the standardized mean 
classified as easy temperamental qualities.  
In the current study, we used a participant’s overall factor score on the “approach-
withdrawal” subscale as a measure of shy-inhibited temperament (Prior et al., 2000) and 
used the “persistence” subscale to measure attention control (Ann Sanson et al., 2008). A 
measure of negative reactivity was created by averaging factor scores on the “cooperation-
manageability” and the “reactivity” subscales. Prior empirical studies have examined these 
temperamental dimensions, using the subscales of the STST as we have done here (G. C. 
Martin et al., 2000; Ann Sanson et al., 2008). Statements responded to by mothers using 
this measure are similar to prior research undertaken within other PNMS studies 
(Braithwaite et al., 2017; Zhang et al., 2018). 
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Child anxiety symptoms. The 34-item Spence Childhood Anxiety Scale for 
Preschoolers (SPAS; Spence et al., 2001) provides an overall maternal-report measure of 
specific anxiety symptoms. Also calculated are six childhood anxiety disorder subscale 
scores, in accordance with DSM-IV criteria (American Psychiatric Association, 1994). The 
first 28 items ask parents to report the frequency at which an item is true for their 
child, from 1 (not at all) to 5 (very often true). The overall total score of anxiety 
symptoms was calculated and used for the analyses. Established cut-off scores 
classify children as within Normal (total score ≤ 33) and Elevated (total score ≥ 34) 
symptom ranges. The SPAS total anxiety score shows good construct validity with 
the CBCL-Internalizing scale (Spence et al., 2001). 
             Child internalizing behaviors. At four years, mothers and day-care/kindergarten 
teachers reported on the children’s internalizing problems using the Child Behavior 
Checklist 1½ - 5 years (CBCL 1½ - 5) (T.M. Achenbach & Rescorla, 2001) and the 
Caregiver-Teacher Report Form (C-TRF) (T.M. Achenbach & Rescorla, 2001), 
respectively. We used data from the internalizing scales of the CBCL 1½ - 5 and the C-
TRF. The CBCL 1½ - 5 and the C-TRF include identical items, scales, scoring and cut-off 
scores. Mothers and teachers rate how true statements regarding the child’s behavior are, 
from 0 = Not True, to 2 = Very True or Often True. A CBCL-Internalizing total T score (M 
= 50, SD = 10) was calculated as the sum of the responses to the 36 statements. Established 
standardized cut-off scores classify children as within Normal (T ≤ 59), Borderline (T ≥ 60 
but ≤ 63), and Clinical ranges (T = ≥ 64). Both measures demonstrate strong psychometric 
properties and are routinely used as measures of child anxiety symptoms (Lowry-Webster, 
Barrett, & Lock, 2003; Petty et al., 2008). 
            Demographics. Maternal socio-economic status (SES), education level, and 
household income as well as other demographics were measured at recruitment. Infant birth 
weight and gestational age were collected from medical records taken at birth, and child 
age at each assessment was recorded. 
            Covariates. Based on the findings of our previous study examining four-year 
anxiety symptomatology in this cohort (McLean, Cobham, Simcock, et al., 2018), we 
aimed to control for maternal factors that may influence child development and/or bias 
maternal reporting of child behavior (Najman et al., 2000). Maternal six-month postpartum 
depression was assessed using the Edinburgh Postnatal Depression Scale (EPDS) (Cox et 
al., 1987). Higher scores (out of 40) indicated greater maternal postnatal depression 
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symptoms. At 30 months, we measured maternal trait anxiety using the State-Trait Anxiety 
Inventory (STAI-T)(Spielberger et al., 1983) . We included measures of concurrent mood 
(composite score of depression, anxiety and stress subscales on the Depression Anxiety and 
Stress Scales short-form, DASS-21(Lovibond & Lovibond, 1995)) at 16 months and 4 
years. All four covariates (EPDS, STAI-T, and DASS-21 at 16 months and four years) 
were included as continuous covariates, with higher scores indicating greater symptoms of 
measured constructs. 
Statistical Analysis 
            We conducted a series of parallel mediation analyses to explore Aim 1 – whether 
the effects of objective hardship, cognitive appraisal, and subjective stress reactions on 
each measure of child anxiety symptomatology were mediated by the proposed 
temperamental characteristics (Figure 1). We assessed Aim 2, the moderating roles of (i) 
child sex and (ii) timing of exposure, via moderated mediation. Given the importance of 
understanding the role of PNMS on anxiety symptomatology in our study, Aim 3 was 
assessed using only the significant models established in Aims 1 and 2. Moderated 
mediation models were conducted by modifying the initial models, such that toddler 
attentional control might moderate the associations between negative reactivity and/or shy-
inhibition on later anxiety symptomatology.   
Analyses were conducted using the PROCESS Macro version 3.2 (Hayes, 2018) 
allowing for mediation models to include control variables in their time-relevant paths 
(regression 1 or 2), given the longitudinal nature of the models. Bootstrap confidence 
intervals were generated for specific indirect effects, as well as for the indices of moderated 
mediation. In each model, objective hardship was either examined as a predictor or was 
controlled for when examining other aspects of maternal stress. Due to the relatively small 
sample, the relevant covariates established in our prior study (McLean, Cobham, Simcock, 
et al., 2018) and the interaction terms forced into the equation that were non-significant at p 
< .10 in the final model were trimmed and the analyses were re-run. Simple slopes were 
used to probe significant interactions. Regression coefficients for parallel mediation models 
were standardized. For moderated mediation models, the coefficients were unstandardized.  
Prior to testing the hypotheses as outlined, attrition analyses comparing complete 
and incomplete cases were conducted. Cross-period correlations were calculated and scores 
for flood-related variables were finalized by integrating ratings provided at recruitment 
and/or 12 months post-flood using regression. Two outliers on the child anxiety symptom 
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outcome variable (SPAS) were winsorized (A. Field, 2018). Missing data for 
covariates were imputed using Expectation-Maximization (Schafer & Graham, 
2002) techniques, given data was found to be missing completely at random. The 
models met all assumptions. Analyses were conducted using SPSS version 25.  
Results 
Attrition Analyses 
Results of independent t-tests showed that complete cases (N = 108, including 
premature births maternal report) differed on one flood variable from incomplete cases (N 
= 122): timing of flood exposure. Complete cases experienced the floods later in gestation 
(M = 137.38 days; 19.63 weeks, SD= 77.83 days; 11.19 weeks) compared to incomplete 
cases (M = 97.90 days; 13.99 weeks, SD= 65.21 days; 9.32 weeks, t (209.70) = 4.14, p < 
.001). Complete cases (mothers) were more likely to have completed more years of 
schooling (n = 107, M = 14.39 years, SD = 1.77 vs n = 121, M = 13.59 years, SD = 2.08, t 
(225.66) = 3.16, p = .002) and were slightly older at the time of giving birth to their child 
than those with incomplete data (M = 32.01 years, SD = 4.60 vs M = 30.22, SD = 5.73, t 
(225.84) = 2.63, p = .009). 
Descriptive Statistics  
 Women in the three samples represented a homogenous, well-educated (over 14 
years schooling) and well-resourced group (SES above national average: mean = 1000, SD 
= 500). Most children in the present study displayed temperamental characteristics and 
anxiety symptomatology within the normal range for their age (Table 3.1). Of the 66 
mother-child dyads included in the current study who had both teacher and maternal report 
of internalizing behaviors, it was evident that teacher and mother reports were not 
correlated (p > .1). No differences in flood-related PNMS, temperament or internalizing 
variables, across sample groups (mother only, teacher only, both mother and teacher report 
available) were established.  
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Table 3.1  
Cohort Descriptive Statistics for the Outcome, Predictor Variables and Covariates  
Variables  SPASa Sample 
N = 105 
CBCLb 
Sample 
N = 105 
C-TRFc 
Sample 
N = 77 
CBCL a -Internalizing T score N 104 105 66 
 M (SD) 44.18 (10.61) 44.29 (10.62) 43.91 (11.14) 
CBCL a -Internalizing Normal 
Range 
% (N) 90.4 (94) 90.6 (96) 89.4 (59) 
C-TRF b-Internalizing T score N 66 66 77 
 M (SD) 46.08 (10.96) 46.08 (10.96) 46.48 (10.69) 
C-TRF b-Internalizing Normal 
Range 
% (N) 90.9 (60) 90.9 (60) 89.6 (69) 
SPAS c Anxiety Score N 105 104 66 
 M (SD) 11.89 (9.33) 11.99 (9.31) 11.85 (8.55) 
SPAS c Normal Range % (N) 96.3 (102) 96.2 (100) 97 (64) 
Objective hardship M(SD) 20.91 (17.59) 20.85 (17.59) 23.36 (18.73) 
Post-traumatic stressd M(SD) 5.63 (9.29) 5.62 (9.29) 6.16 (10.96) 
Peritraumatic distresse M(SD) 12.16 (7.84) 12.17 (7.83) 12.14 (8.44) 
Peritraumatic dissociationf M(SD) 5.95 (7.00) 5.95 (7.00) 6.06 (7.26) 
Composite subjective stressg M(SD) -0.01 (0.89) -0.01 (0.89) 0.013 (.097) 
Cognitive Appraisal: Neg N(%) 35 (33.3) 36 (34.3) 27 (35.1) 
Cognitive Appraisal: Neut/Pos N(%) 70 (66.7) 69 (65.7) 50 (64.9) 
Timing of exposure (days) M(SD) 137.85 (78.74) 136.96 (79.24) 147.83 (75.08) 
STSTh Negative Reactivity 
Factor 16mo 
M(SD) 3.55 (0.54) 3.54 (0.53) 3.57 (0.54) 
STST Approach Factor 16mo M(SD) 3.06 (0.92) 3.08 (0.91) 3.06 (1.03) 
STST Persistence Factor 16mo M(SD) 2.84 (0.78) 2.84 (0.78) 2.90 (0.86) 
Child age at 16m survey (mo) M(SD) 16.46 (1.49) 16.45 (1.49) 16.36 (1.41) 
Child age at 4y survey (mo)  48.88 (1.39) 48.83 (1.38) 48.77 (1.31) 
Infant sex(boys) N(%) 58 (55.2) 57 (54.3) 44 (57.1) 
Maternal Age at Child Birth 
Socio-Economic Indexi 
M (SD) 
M(SD) 
31.94 (4.54) 
1054.97 (54.51) 
31.90 (4.54) 
1054.35 (53.78) 
32.16 (4.57) 
1065.08 (49.11) 
Schooling level(years) N 104 104 77 
 M(SD) 14.44 (1.78) 14.44 (1.78) 14.36 (1.99) 
6m Maternal Depressionj N 85 85 62 
 M(SD) 6.32 (4.38) 6.26 (4.36) 5.79 (4.02) 
16m Maternal Moodk N 105 105 77 
 M(SD) 19.63 (15.79) 19.38 (15.79) 19.47 (15.67) 
30m Maternal Trait Anxietyl N 95 95 74 
 M(SD) 39.74 (9.22) 39.69 (9.22) 38.96 (9.09) 
Concurrent Moodk N 104 104 65 
 M(SD) 20.06 (19.75) 19.95 (19.83) 18.88 (18.94) 
Gestational age at birth (wks) M(SD) 39.47 (1.19) 39.46 (1.19) 39.43 (1.20) 
Birthweight (grams) M(SD) 3585.95 
(465.03) 
3587.70 
(466.44) 
3576.42 
(464.60) 
Note. Untransformed scores are used for the measures of maternal stress. a CBCL = Child Behavior 
Checklist, b C-TRF = Caregiver-Teacher Report Form, c SPAS = Spence Preschool Anxiety Scale,  d = 
IESR, e = PDI, f = PDEQ, g = COSMOSS(IES-R,PDI,PDEQ), h = Short Temperament Scale for 
Toddlers, i = SEIFA, j = Depression: 6 month EPDS, k = DASS(depression, anxiety, stress) composite 
score, l = STAI-Trait Anxiety Scale at 30 months  
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Preliminary Analyses 
 Table 3.2 displays bivariate correlations between study variables for maternal report 
outcomes. All three PNMS maternal stress variables displayed moderate to high 
correlations for all outcome groups (SPAS, CBCL and C-TRF). Although all measures 
were somewhat related, they also assessed different aspects of the maternal stress response. 
Objective PNMS was significantly correlated with SPAS anxiety (r = .212) and marginally 
significant positive correlations with negative reactivity (r = .180) and CBCL-internalizing 
(r = .170). Subjective PNMS was marginally associated with both SPAS anxiety (r = .170) 
and CBCL-internalizing (r = .188). Shy-inhibited toddler behaviors showed a significantly 
positive correlation with both internalizing (r = .234) and anxiety symptoms (r = .231), 
while negative reactivity correlated positively with internalizing problems only (r = .354). 
Teacher (C-TRF) report of internalizing behavior scores were correlated with specific 
anxiety symptoms (SPAS; N = 66, r = .28, p = .025) but not maternal report of 
internalizing behaviors
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Table 3.2  
Intercorrelations between study variables for the maternal report sample (N = 106) 
Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1. SPAS a Total Score - - - - - - - - - - - - - - - - - -   
2. CBCLb  Internalizing .624** - - - - - - - - - - - - - - - - -   
3. C-TRFc Iternalizing .276* .063 - - - - - - - - - - - - - - - -   
4. Negative Reactivity 16mo .138 .354** .096 - - - - - - - - - - - - - - -   
5. Shy-inhibition 16mo .231* .234* .024 .253** - - - - - - - - - - - - - -   
6. Persistence 16mo .022 .107 -.003 .194* .279** - - - - - - - - - - - - -   
7. Objective Hardship  .212* .170^ -.047 .180^ -.049 -.012 - - - - - - - - - - - -   
8. Post-traumatic Stress d .104 .168^ -.011 .187^ .032 .098 .364** - - - - - - - - - - -   
9. Peritraumatic Distress e  .102 .141 -.071 .067 -.003 -.090 .437** .561** - - - - - - - - - -   
10. Peritraumatic Dissociation f .218* .173 -.047 .076 .010 -.064 .405** .425** .747** - - - - - - - - -   
11. Composite subjective stress g .170^ .188^ -.057 .122 .014 -.032 .474** .744** .918** .876** - - - - - - - -   
12. Cognitive appraisal h -.028 -.058 .130 -.022 .103 .155 -.561** -.287** -.272** -.198* -.295** - - - - - - -   
13. Timing of Exposure (days) -.153 -.041 -.022 .132 .114 .143 .009 .137 .070 .072 .105 .070 - - - - - -   
14. Child Sex -.125 -.139 .042 -.105 .053 .097 -.067 -.079 -.186^ -.070 -.133 .052 -.023 - - - - -   
15. 6m Maternal Depression i .323** .372** -.052 .178 .121 -.009 .078 .174 .314** .273* .303** -.126 -.040 -.100 - - - -   
16. 16mo Maternal Mood j .193* .343** .128 .044 -.112 .072 .100 .077 .165^ .302** .223* -.030 .094 -.015 .505** .- - -   
17. 30m Trait Anxiety k .303** .319** .119 .142 .117 .204* .050 .140 .178^ .241* .222* -.094 .026 .087 .504** .382** - -   
18. 4 year Maternal Mood j .327** .449** -.115 .053 .135 .095 -.001 .008 .103 .211* .135 .110 -.011 -.001 .523** .623** .395** -   
19. 16mo Toddler Age  -.057 .017 .044 -.169^ .078 -.196* .096 -.068 .068 .070 .035 -.151 -.061 -.008 -.204^ -.053 -.195 -.101 -  
20. 4 year Child Age -.040 -.019 .158 -.074 -.118 -.053 -.063 -.018 .111 .159 .107 .091 .204* -.042 .184^ .343** .158 .266** .182^ - 
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Note. Transformed scores are used for the measures of maternal stress. a SPAS = Spence Preschool Anxiety Scale, b CBCL = Child Behavior Checklist, c C-TRF = Caregiver-Teacher Report 
Form, d = IESR, e = PDI, f = PDEQ, g = COSMOSS(IES-R,PDI,PDEQ), h = Coding for cognitive appraisal: 0 = negative/very negative; 1 = neutral/ positive/very positive, i = Depression: 6 
month EPDS, j = DASS(depression, anxiety, stress) composite score, k = STAI-Trait Anxiety Scale at 30 months, . ** p<0.001; * p<0.05; ^ p = .051 - 0.99    
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Main Analyses 
Aim 1. Indirect effects of PNMS variables on child anxiety symptomatology via 
toddler temperament.  
(a)  Maternal Report of Anxiety Symptoms (Table 3.3) The effect of objective 
stress on anxiety symptoms (SPAS) after accounting for temperamental characteristics was 
positive and significant (β = 0.20, B = 2.41, SE = 1.07, p = .027, 95%CI [0.285, 4.539]). 
No significant indirect effects via temperamental attentional control, shy-inhibited 
behaviors or negative reactivity were established. Greater shy-inhibited behaviors predicted 
greater anxiety symptoms after controlling for exposure to prenatal objective hardship (β = 
0.23, B = 2.28, SE = .96, p = .020, 95%CI [0.265, 4.195]). Earlier exposure to the floods 
tended to predict greater anxiety symptoms (β = -0.18, B = -0.02, SE = .01, p = .051, 
95%CI [-0.412, 0.000]), independent of the level of exposure to the floods. No significant 
direct or indirect pathways were established when examining the role of prenatal subjective 
stress or cognitive appraisal as focal predictors. 
(b)  Maternal Report of Internalizing Behaviors (Table 3.3, Figure 3.3). A 
significant mediation effect was found, whereby negative reactivity at 16 months mediated 
the effect of objective hardship on maternal-reported child internalizing problems (β = 
0.05, B = 0.70, SE = 0.03, 95%CI [0.005, 0.111]). Greater objective hardship was 
associated with greater negative reactivity at 16 months (β = 0.19, B = .13, SE = .06, p = 
.047) and greater negative reactivity was associated with greater internalizing problems at 
four years (β = 0.27, B = 5.39, SE = 1.77, p =.003), after accounting for relevant covariates 
(child age at 16 months, maternal mood at four years) and toddler attentional control and 
shy-inhibitory behaviors in the final model. Again, no significant direct or indirect 
pathways were established when examining the role of subjective stress or cognitive 
appraisal as predictors.  
 Teacher Report of Internalizing Behaviors. No indirect or direct effects were 
established for PNMS effects, when internalizing problems were reported by teachers (C-
TRF).  
 Aim 2. Moderation by (i) sex or (ii) timing of exposure of the indirect effect(s) of 
PNMS variables on child anxiety symptomatology via aspects of toddler temperament. 
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(a) Maternal report of anxiety symptoms. (i) For child sex, no significant 
moderated mediation pathways were established when examining the role of maternal 
objective hardship, subjective stress or cognitive appraisal as predictors. 
(ii) Timing of exposure to the floods did not moderate mediation pathways of 
PNMS to anxiety symptoms via temperamental characteristics. 
(b) Maternal report of internalizing behaviors. Neither (i) sex nor (ii) 
timing of exposure significantly moderated mediation pathways across any aspect 
of PNMS.  
 Teacher report of internalizing behaviors. No moderated mediation effects of (i) 
child sex or (ii) gestational timing of exposure were established for teacher-reporting of 
internalizing problems (C-TRF) across any aspect of PNMS.  
 Aim 3. Following the findings from Aim 1, we examined whether attentional 
control at 16 months moderated the pathway between negative reactivity at 16 months and 
CBCL maternal-report internalizing problems within our model. The moderated mediation 
model was not significant.   
Table 3.3 Trimmed final models: Standardized indirect effects of prenatal exposure to a 
natural disaster on maternal report of child anxiety symptomatology.  
Direct and Indirect Effects Value 95%CI [LLCI, ULCI] 
Spence Preschool Anxiety Scale-Anxiety a 
 
  
Objective Hardship -> Shy-inhibition -> 
SPAS-Anxiety 
-0.011 [-0.070, 0.036] 
Objective Hardship -> Negative Reactivity -
> SPAS-Anxiety 
0.008 [-0.039, 0.063] 
Objective Hardship -> Attentional Control -> 
SPAS-Anxiety 
 
0.009 [-0.239, 0.029] 
Child Behavior Checklist - Internalizing b   
Objective Hardship -> Shy-inhibition -> 
CBCL-Internalizing 
-0.004 [-0.037, 0.023] 
Objective Hardship -> Negative Reactivity -
> CBCL-Internalizing 
0.052 [0.005, 0.112] 
Objective Hardship -> Attentional Control -> 
CBCL-Internalizing 
0.008 [-0.016, 0.020] 
a Model controls for child age at 16-month assessment (for negative reactivity only; path a), 
maternal trait anxiety (path b) and concurrent maternal mood (path b). 
b Model controls for child age at 16-month assessment (for negative reactivity only; path a), 
6-month maternal mood (path b) and 4-year maternal mood (path b).
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Figure 3.3. Mediation model displaying the indirect effect of objective hardship on maternal-reported child internalizing behaviors via 
negative reactivity at 16 months. ** p < .01, * p < .05, ^ p < .1.  
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Discussion 
            In a cohort of children affected by flood-related PNMS, we sought to identify which 
individual temperamental characteristics may predispose a toddler to be more vulnerable to 
the development of childhood anxiety symptomatology. We found some support for PNMS 
programming effects on early toddler temperamental negative reactivity characteristics, 
leading to the development of maternal- but not teacher-reported internalizing behaviors. In 
contrast, the impact of PNMS on anxiety symptoms was independent of temperamental 
characteristics in toddlerhood. In sum, our research adds to our understanding of the 
potential developmental pathways through which children develop anxiety 
symptomatology. 
Internalizing Problems 
            Maternal experience of greater flood-related objective hardship during pregnancy 
predicted more severe maternal-rated child internalizing problems via greater toddler 
negative reactivity. The experience of a stressful prenatal environment may lead an infant 
to show increased reactivity to threatening stimuli to increase their survival in what they 
expect to be, a hostile postnatal environment (Del Giudice, 2014). Such alterations may 
however, render children more vulnerable to experiencing internalizing behaviors via direct 
(e.g., expression of symptoms) and indirect effects (e.g., social interactions, parenting 
behaviors; Bates, Schermerhorn, & Petersen, 2014; P. Liu & Pérez-Edgar, 2018; Slagt et 
al., 2016).  
            Other studies have failed to establish a similar indirect path (Glynn, Howland, 
Sandman, et al., 2018; Lin et al., 2017). Discrepant findings to these studies also highlight the 
advantage of using methodologies that can disentangle the unique effect of PNMS, 
independent of maternal-child heritability confounds and social selection bias. We found 
that it was the level of objective exposure, rather than subjective stress measures of 
maternal distress, that carried the effect in this and other studies (King et al., 2012; 
McLean, Cobham, Simcock, et al., 2018). The severity of objective flood hardship, 
regardless of maternal distress, may play a unique role in the temperamental vulnerabilities 
associated with internalizing problems. Importantly, our novel finding extends current 
developmental psychopathology models (Bates et al., 2014) by highlighting how one aspect 
of the prenatal environment may lead to temperamental alterations of negative reactivity, 
putting children at greater risk of developing internalizing behaviors. 
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 As with previous work within the current cohort, we failed to establish effects of 
PNMS for internalizing behaviors as reported by teachers. Other PNMS studies report 
similar discrepancies (Leis et al., 2014; McLean, Cobham, Simcock, et al., 2018). In the 
current sample, maternal and teacher reports of internalizing behaviors were not correlated 
while maternal report of anxiety symptoms showed a small correlation with teacher report 
of internalizing behaviors. Discrepancies between informants of child behavior is poorly 
understood (Carter, Briggs-Gowan, & Davis, 2004; De Los Reyes, Goodman, Kliewer, & 
Reid-Quiñones, 2008). Teachers observe child behavior in different contexts and 
interactions to that of mothers, varying reports across informants (Achenbach et al., 1987). 
Unlike teachers, parents may see their child in various and diverse settings. Due to the 
logistical difficulty in obtaining teacher reports (as opposed to maternal reports), our 
sample size for this cohort was also smaller. Important to the current findings, future child 
psychopathology has been found to be better predicted by parents’ rather than teachers’ 
ratings (Ferdinand et al., 2010). 
Anxiety Symptoms 
In line with prior research, we failed to establish a role for shy-inhibited behaviors 
or negative reactivity as mediators of PNMS effects on specific anxiety symptoms (Glynn, 
Howland, Sandman, et al., 2018). Rather, in line with a large body of work (Clauss & 
Blackford, 2012), shy-inhibited behaviors were associated with greater anxiety symptoms, 
independent of PNMS-exposure. Greater objective hardship directly predicted greater 
anxiety symptoms, independent of toddler temperament. Here, we replicate our previous 
findings within this cohort (McLean, Cobham, Simcock, et al., 2018). These findings are 
also consistent with previous findings within the QF2011 cohort, whereby PNMS played 
no role in the development of infant shy-inhibition at six months (Simcock et al., 2017a). In 
sum, our findings support the developmental psychopathology tenant of equifinality 
(Cicchetti & Rogosch, 1996): displays of shy-inhibited temperament and PNMS-exposure 
may independently and/or additively, increase a child’s vulnerability to experiencing 
anxiety symptoms. 
It is important that PNMS effects on child temperament continue to be examined 
across development. Underlying neurobiological systems may become more fully 
expressed over time (Nigg, 2006). Indeed, more recent work suggests that temperamental 
characteristics are somewhat unstable across early development (Wood, 2011; Zhang et al., 
2018). It is not known whether temperamental alterations due to PNMS are evident at 
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specific developmental periods and not others. In other prospective longitudinal studies, 
PNMS effects have been shown to increase with age (King et al., 2012), emerge later in 
development (G. C. Martin et al., 2000; Robinson et al., 2008), and vary across 
development (Moss et al., 2018; Zhang et al., 2018). We will continue to track 
temperament and anxiety symptom development in the QF2011 cohort to examine the 
long-term trajectory of these problems across middle childhood into adolescence.  
Attentional Control 
            Contrary to our hypotheses, PNMS did not lead to alterations in toddler attentional 
control. While a few studies have found that PNMS plays a role in the development of 
infant emotion regulation (Bush et al., 2017; J. C. Thomas et al., 2017) and attentional 
control indices (Henrichs et al., 2009), others have also failed to establish similar 
associations (Bolea-Alamañac et al., 2018). It is possible that the effects of PNMS on 
attentional control abilities are more nuanced; they may be subtle and, therefore, identified 
later in development. Alternatively as we have previously argued (McLean, Cobham, & 
Simcock, 2018), PNMS effects may be dependent upon the type of PNMS experienced, 
including maternal mood. Finally, emotional support and parental sensitivity consistently 
predict the development of aspects of emotion regulation and effortful control, suggesting 
postnatal factors also play an important role in the development of regulatory behaviors 
(Kiff, Lengua, & Zalewski, 2011; Morris, Criss, Silk, & Houltberg, 2017).  
            In contrast to prior research (Gartstein et al., 2012), toddler attentional control did 
not moderate the effects of reactive temperament traits on child anxiety symptomatology 
development. Dysregulated children (negative reactive, shy-inhibited) may be more 
vulnerable to experiencing anxiety symptomatology via direct (e.g., expression of 
symptoms, shared neurological correlates) and indirect effects (e.g., cognitive processing, 
social interactions, parenting behaviors; Bates et al., 2014; P. Liu & Pérez-Edgar, 2018; 
Slagt et al., 2016). Comprehensive modelling of how each of these mechanisms may work 
together in the development of symptoms is needed.  
            We encourage replication and extension of our findings. As children develop, more 
complex self-regulatory behaviors such as effortful control (Bridgett, Burt, Edwards, & 
Deater-Deckard, 2015) and reappraisal (McRae et al., 2012). Indeed, self-regulation 
includes many indices that can be measured via behavioral, cognitive, emotional and 
neurological constructs (Bridgett et al., 2015; J. C. Thomas et al., 2017; van den Heuvel, 
Henrichs, Donkers, & Van den Bergh, 2018).  
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PNMS, Internalizing problems, and Anxiety symptoms 
 In line with our prior work (McLean, Cobham, Simcock, et al., 2018) the current 
study suggests that objective hardship, rather than subjective stress or a woman’s cognitive 
appraisal of the event in pregnancy, may alter childhood anxiety and internalizing 
behaviors. The literature has examined, and continues to examine, maternal-child 
mechanisms that may independently (but more than likely, additively) underlie the 
associations between the many various aspects of PNMS (anxiety, depression, stress) and 
child developmental outcomes (e.g., maternal-child HPA-axis, maternal inflammation, 
epigenetic changes; Cao-Lei et al., 2017; Gartstein & Skinner, 2017; Graham et al., 2019; 
Hantsoo, Kornfield, Anguera, & Epperson, 2018; Lindsay, Buss, Wadhwa, & Entringer, 
2019; Reynolds, Labad, Buss, Ghaemmaghami, & Räikkönen, 2013). A more nuanced 
examination of the possible maternal-child mechanisms that underlie established 
associations between differential aspects of PNMS (objective hardship, subjective stress, 
maternal depression, anxiety) is clearly needed.  
 Our work suggests that, following disaster-related PNMS exposure, the pathways to 
internalizing and anxiety symptoms may vary. Within the field of PNMS research, prenatal 
maternal mood disorders have been associated with alterations to brain structure and 
functioning of limbic structures (amygdala, hippocampus; Gao et al., 2019) and the frontal 
lobe (Adamson, Letourneau, & Lebel, 2018). These brain regions are involved in arousal, 
emotion regulation, anxiety and internalizing disorders (Fonzo & Etkin, 2017; 
Jalbrzikowski et al., 2017; Kim & Yoon, 2018). It is therefore possible that objective 
PNMS alters fetal neurodevelopment in broad areas associated with the development of 
internalizing and anxiety symptoms, however the phenotypic display of such alterations 
may vary. Fetal exposure to maternal objective hardship may impact childhood anxiety 
symptoms first evident via alterations to other anxiety-specific vulnerability factors in 
toddlerhood (e.g., cortisol reactivity; Yong Ping et al., 2015). Indeed, the degree of overlap 
between temperamental traits, such as negative emotionality and physiological reactivity, is 
unclear (Kopala-Sibley et al., 2017) with findings that prenatal maternal distress may 
differentially affect infant temperament and HPA-axis functioning (Haselbeck et al., 2017). 
Observational and physiological phenotypes may be associated with overlapping, but also 
unique, brain regions (Shackman et al., 2013), with each found to be uniquely and 
additively associated with anxiety symptomatology (K. A. Buss & McDoniel, 2016; 
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Gunnar, Kryzer, Van Ryzin, & Phillips, 2011; Pérez-Edgar, Schmidt, Henderson, Schulkin, 
& Fox, 2008; Poole, Jetha, & Schmidt, 2017).  
 It is possible that objective PNMS alters fetal neurodevelopment in areas uniquely 
associated with specific toddler temperamental negative reactivity and, independently, 
anxiety symptoms. Investigations of specific brain-behavior associations support this 
proposal. Generally, broad measures of negative emotionality (including aspects of both 
negative reactivity and shy-inhibited behaviors) are examined and associated with 
overlapping brain activation areas in youths and adults (Mincic, 2015; Whittle, Allen, 
Lubman, & Yücel, 2006). However, more recent work suggests that there may be 
differences in amygdala connectivity patterns associated with behavioral displays of fear 
and sadness across early infancy and toddlerhood (E. Thomas et al., 2018), and in youths 
when considering irritability in comparison to anxiousness (Kircanski et al., 2018). The 
continued investigation of such neural differentiations may shed light on the (possibly) 
varied neural mechanisms underlying the display of distinct and yet correlated behavior 
dimensions (e.g., negative reactivity versus anxious behaviors) associated with PNMS-
exposure. 
 Psychosocial factors could also account for the effects of objective hardship PNMS 
on toddler negative reactivity, independent of anxiety symptoms. It is possible that a 
PNMS-dysregulated child, as evidenced by behavioral and/or physiological reactivity, in 
interacting with an adverse postnatal environment (e.g., poor maternal mood, parenting 
behaviors), is more likely to experience anxiety symptoms and/or internalizing behaviors 
(Hartman & Belsky, 2018; Hartman, Freeman, Bales, & Belsky, 2018). Investigations of 
the biological as well as psychosocial mechanisms of objective PNMS effects on child 
internalizing behaviors and anxiety symptoms, in tandem, will help further our 
understanding of the critical windows for intervention (Reynolds et al., 2013). Objective 
hardship may act via differential biopsychosocial mechanisms in the development of both 
outcomes, supporting the tenant of multifinality (Cicchetti & Rogosch, 1996). 
Sex and Timing Effects 
As with our previous examinations of this cohort, we failed to establish a 
moderating role of timing of PNMS during gestation on temperament (Simcock et al., 
2017a) or anxiety (McLean, Cobham, Simcock, et al., 2018). Moreover, while sexually 
dimorphic responses to in-utero distress have been reported (Braithwaite et al., 2017; van 
den Heuvel, Johannes, Henrichs, & Van den Bergh, 2015), we failed to establish sex 
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differences. Sex differences in anxiety symptomatology due to PNMS may become more 
apparent in adolescence (O’Donnell, Glover, Barker, et al., 2014). In most clinical 
populations, no sex differences in prevalence in the preschool period are evident (Whalen, 
Sylvester, & Luby, 2017). Given the mixed findings across the literature, larger scale 
studies are needed to thoroughly examine both sex and timing of gestation as moderators.  
Replicating our previous findings (McLean, Cobham, Simcock, et al., 2018), we 
established a direct effect of the timing of exposure to the floods on anxiety symptoms, but 
not on internalizing problems. Children exposed to the flood earlier in pregnancy exhibited 
increased anxiety symptoms, independent of the level of objective hardship or subjective 
distress reported by their mothers. Aspects of PNMS unaccounted for by our measures may 
have affected biological processes in ascendance during early gestation (e.g., differentiation 
of the amygdala; Lupien et al., 2009; Welberg & Seckl, 2008). It is important to remember 
however, that our design did not account for the fact that women exposed earlier in 
pregnancy to the disaster, carried their unborn child for a longer period whilst distressed, 
which may confound our findings. Alternatively, studies suggest that children born in 
spring, as were those who experienced the January floods earlier in gestation, tend to 
display greater anxiety symptoms (Greer, 2005). Our finding may, therefore, be the result 
of normal season of birth trends. 
Strengths and Limitations 
A common problem of longitudinal studies, the small sample size in the current study due 
to attrition across time, is one clear limitation. The QF2011 cohort represents a relatively 
healthy population (higher SES), with mothers and children displaying largely non-clinical 
levels of stress and anxiety. Given that much of the sample displayed temperamental 
characteristics and anxiety symptomatology within the normal range, this low variability 
may have reduced our power to detect significant changes due to PNMS. We used maternal 
reports of child anxiety symptomatology, which have been correlated with observational 
measures in the literature (S. L. Edwards, Rapee, Kennedy, et al., 2010) and maternal 
reporter bias was accounted for by controlling for concurrent maternal mood (Ferdinand et 
al., 2010; Najman et al., 2000). Despite limitations, we detected dose-response effects, 
suggesting robust effects of PNMS within a natural experiment design on the development 
of anxiety symptomatology. While it is possible that PNMS effects could be attributed to 
the enduring effects of poor postnatal maternal mood (Gjerde et al., 2017; Littlewood et al., 
2018), our models accounted for this independent contributor to anxiety symptomatology 
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(Apter-Levi et al., 2016; S. H. Goodman et al., 2011), suggesting that the effects are 
specific to the prenatal period. Finally, minimizing the number of analyses conducted in the 
current study, meant that the role of attentional control as a moderator of the association 
between negative reactivity and anxiety symptoms following objective PNMS exposure, 
was not tested. Similarly, we did not test the role of attentional control as a moderator of 
the association between shy-inhibited behaviors and internalizing behaviors (independent 
of PNMS exposure). The role of attentional control should be more fully explored in larger 
cohort studies. 
Potential Avenues for Intervention 
 Our findings identify three target points for intervention following disaster-related 
PNMS exposure. Emerging research suggests that improving maternal wellbeing in the 
perinatal period benefits both mother (Shi & MacBeth, 2017) and infant (Chan, 2014; 
Simcock et al., 2018). Our findings suggest that it is not only the women who report stress 
following a natural disaster that should be screened, but that greater public awareness is 
needed of the implications of exposure to a natural disaster. Parenting interventions during 
early childhood attenuate the development and/or maintenance of anxiety symptomatology 
by modifying anxiety-maintaining and ineffective parenting behaviors (e.g., over-
protection and negativity) and parental modeling (Cobham, Filus, & Sanders, 2017). Yet, to 
be examined in temperamentally at-risk toddlers, modification of parenting behaviors may 
indirectly alter temperamental traits and, therefore, anxiety and internalizing behaviors, due 
to the transactional relationship between parent and child factors (Gouze, Hopkins, Bryant, 
& Lavigne, 2017; Kiff, Lengua, & Zalewski, 2011). 
Conclusions 
In this study, we examined the developmental pathways from PNMS to anxiety 
symptomatology via various toddler temperament characteristics. Our study has identified 
differential models for anxiety and internalizing problems following exposure to varying 
types of PNMS. Our empirical findings provide a more complete understanding of the 
complexity of possible developmental pathways to anxiety symptomatology, when 
considering the prenatal environment. The findings of the current study support the 
developmental psychopathology tenants of equifinality and multifinality (Cicchetti & 
Rogosch, 1996): multiple pathways lead to the development of anxiety symptoms and 
internalizing problems, while objective hardship may act via differential biopsychosocial 
mechanisms in the development of both outcomes. It is paramount for researchers and 
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clinicians alike to understand that the developmental processes involved in early childhood 
anxiety symptomatology begin prior to birth. Our research joins an ever-growing body of 
work in developmental psychopathology, highlighting points for early prevention and 
intervention to assist optimal child development. 
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Chapter 4: Developmental Pathways from Prenatal Maternal Distress to Anxiety 
Symptomatology: An Integrative Review of Developmental Psychopathology and 
Developmental Origins of Health and Disease Research 
Abstract 
Researchers examining the Developmental Origins of Health and Disease 
hypothesis (DoHAD) have found support for the role of prenatal maternal distress 
(maternal psychopathology, mood, emotional stress) in the development of child anxiety 
symptomatology. This review underscores two factors that may act as mechanisms through 
which maternal distress in pregnancy may confer vulnerability to the development of 
anxiety: endogenous child temperamental characteristics and exogenous parenting 
behaviors. My review of relevant empirical literature suggests there are likely independent, 
sequential, parallel, bi-directional and interactive mechanisms at play. I develop a 
conceptual model for how childhood anxiety may develop in the face of PNMS exposure. 
Overall, there are many questions to be explored and understood within and across research 
areas. 
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Introduction 
Throughout this thesis, I have reviewed literature examining the nature of the 
effects of prenatal maternal distress (including aspects of maternal mood, emotional 
distress in reaction to life events; PNMS) and empirically tested the role of disaster-related 
prenatal maternal stress in the development of intermediate phenotypes and 
psychopathology (temperamental traits and anxiety symptomatology; Chapters 1-3). The 
findings suggest that PNMS is a vulnerability factor for anxiety symptomatology in early 
childhood. However, not all children who are exposed to PNMS go on to experience 
anxiety symptomatology. It is important that research within this field examines why, and 
for whom, PNMS may lead to anxiety symptom development. It is likely that psychosocial 
factors act sequentially, in parallel, and interactively in the development of childhood 
anxiety following PNMS exposure.  
My current review will discuss how PNMS, temperamental traits and parenting 
factors may shape a child’s development of anxiety symptomatology following PNMS 
exposure. My review is not exhaustive; rather it focuses in on understanding this 
relationship with respect to two broad constructs widely examined in both developmental 
psychopathology (Bates, Schermerhorn & Petersen, 2015; Kiff, Lengua, & Bush, 2011; P. 
Liu & Pérez-Edgar, 2018; Slagt et al., 2016) and anxiety research (Negreiros & Miller, 
2014; Ollendick & Grills, 2016; Rapee & Szollos, 2002): child shy-inhibited temperament 
and parenting behaviors. In line with developmental psychopathology research, 
understanding exactly how a vulnerable child and their parent/s interact across early 
childhood is one mechanism through which researchers may come to identify causal 
pathways to anxiety symptom development. Here, I examine these mechanisms through a 
DoHAD lens. My review of the literature leads me to propose new perspectives on the 
development of anxiety symptomatology inclusive of PNMS, which I illustrate in a 
conceptual developmental model (Figure 4.1). I conclude by discussing potential avenues 
for future research. 
Review criteria. I have previously discussed anxiety symptomatology development 
in relation to multiple temperamental characteristics (Chapter 3). Temperamental 
characteristics may uniquely contribute to parenting practices and child psychopathology 
and, therefore, should be examined separately (Hopkins, Lavigne, Gouze, LeBailly, & 
Bryant, 2013; Kiff, Lengua, & Zalewski, 2011). As such, I focus my current review on 
studying the role of the most widely examined and empirically supported temperamental 
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characteristic associated with anxiety symptoms: shy-inhibited behaviors (Clauss & 
Blackford, 2012; Prior et al., 2000). Given that anxiety symptoms are generally examined 
in clinical and developmental literature by measuring anxiety and/or internalizing 
behaviors, I continue to examine both anxiety and internalizing behaviors as outcomes 
under the broad domain of “anxiety symptomatology”.  Anxiety disorders, experienced by 
an estimated 10-20% of children (Egger & Angold, 2006; Lavigne, LeBailly, Hopkins, 
Gouze, & Binns, 2009; Petresco et al., 2014), are the most common internalizing disorders 
experienced in preschool (Whalen et al., 2017). It is only in the last decade that researchers 
and clinicians began to define, and thus examine, the precursors of childhood anxiety 
disorders independent of depressive disorders in the preschool years (Whalen et al., 2017). 
I include in the current review studies with prospective longitudinal or experimental 
designs. There are several reasons for this. Studies using cross-sectional observational 
designs to examine the associations between temperament, childhood anxiety, and 
parenting have been reviewed elsewhere (Kiff, Lengua, & Bush, 2011; Negreiros & Miller, 
2014; Ryan & Ollendick, 2018; Wei & Kendall, 2014). Here, I refer to cross-sectional 
observational studies only when they are included in a meta-analysis or systematic review 
findings. Prospective longitudinal studies (at least two time points examined) account for 
temporal precedence, while experimental designs are able to account for possible 
confounders. Retrospective reporting of stressful events can be inaccurate, which is 
particularly pertinent to PNMS studies (Graignic-Philippe et al., 2014). By reviewing 
studies using these methodologies, I aim to further our understanding of the causal nature 
of the proposed relationships within the current chapter.  
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Figure 4.1 Conceptual model exploring the role of prenatal maternal distress (PNMS) in the development of childhood anxiety via child 
temperament and parenting.
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Behavioral Inhibition, Fearfulness and Shy-inhibition 
Associations between varying types of distress in pregnancy (anxiety, depression, 
maternal stress due to significant life events) and temperamental negative emotionality 
(including aspects of irritability, distress to limitation and fearfulness) have been widely 
established (Bush et al., 2017; Buthmann et al., 2018; Erickson, Gartstein, & Dotson, 2017; 
Gartstein & Skinner, 2017; Huizink, 2015; Korja et al., 2017; Simcock et al., 2017a; van 
den Bergh et al., 2017; Zhang et al., 2018). Investigations of the effect of PNMS (anxiety, 
depression, maternal stress due to significant life events) on infant and child shy-inhibition 
include examinations of the conceptually-related constructs of earlier distress to novelty 
(Kagan, Snidman, Zentner, & Peterson, 1999), fearfulness, withdrawal behaviors, shyness, 
and aspects of behavioral inhibition (K. A. Buss & McDoniel, 2016). Findings across 
constructs are limited and vary in their conclusions (Ostlund et al., 2016). Some studies 
suggest that maternal mood in pregnancy is associated with greater infant distress to 
novelty (E. P. Davis et al., 2004; Möhler, Parzer, Brunner, Wiebel, & Resch, 2006). 
Highlighting pregnancy as a critical window for developmental plasticity, Möhler et al. 
(2006) found that prenatal, but not postnatal stress was associated with affective reactivity 
to novelty. In contrast, Martin, Noyes, Wisenbaker & Huttenen (1999) found no effects of 
prenatal distress (as measured by questionnaires assessing mental health and somatic 
health) on maternal report of infant distress to novelty at 6 months. For males only, 
exposure to prenatal distress in trimester one, predicted poorer social inhibition at 5 years 
(in addition to negative emotionality in both boys and girls). Other researchers established 
associations between maternal stressful life events and observed fearfulness at 14-19 
months (Bergman et al., 2007), while some studies have failed to establish any effects 
(Ostlund et al., 2016). 
Natural disaster studies. Situated within a thesis examining the effects of PNMS 
due to a natural disaster, it is clearly important to highlight work that examines PNMS 
effects on temperament, using this methodologically rigorous design. Most recently, the 
nature of PNMS effects on early temperament due to Hurricane Sandy exposure have been 
examined (Buthmann et al., 2018; Zhang et al., 2018). Hitting Atlanta in the United States 
of America in October 2012, Hurricane Sandy (Superstorm Sandy) was the second costliest 
hurricane on record in the USA (Blake, Kimberlain, Berg, Cangialosi, & Beven II, 2013). 
Impressively, in the wake of this disaster the research team obtained preconception, 
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pregnancy and postnatal stress measures from mothers. Children who were exposed in 
utero to the disaster displayed more infant fearfulness, with decreases in fearfulness from 
6-24 months across toddlerhood. Interestingly, maternal subjective stress in reaction to the 
disaster did not predict 6-month temperament characteristics or trajectories of 
temperamental development within this study. Findings from Hurricane Sandy suggest that 
the length of time without electricity or phone and financial loss more negatively affected 
infant temperamental displays of negative emotionality than other aspects of objective 
hardship the pregnant women experienced (Buthmann et al., 2018). The children exposed 
after birth to maternal stress displayed the greatest negative emotionality (Buthmann et al., 
2018). In contrast, within the QF2011 (Queensland Flood Study, King et al., 2015) cohort, 
PNMS was not associated with shy-inhibited behaviors at 6 months (Simcock et al., 2017) 
or 16 months (Chapter 3).  
Overall, findings suggest that a more nuanced understanding of the role of PNMS 
exposure in temperamental dysregulation with respect to shy-inhibited behaviors is needed. 
Importantly, findings highlight the need for a greater understanding of how PNMS effects 
may alter temperamental characteristics across early development. Indeed, temperament 
profiles, originally conceptualized as stable across early childhood, have more recently 
been found to show instability across development (Carranza Carnicero, Perez-Lopez, Del 
Carmen Gonzalez Salinas, & Martinez-Fuentes, 2000; Wood, 2011). Importantly, research 
demonstrating the attenuating and intensifying effects of PNMS across development 
suggests that there may be developmentally specific periods during which behavioral 
phenotypes of temperamental alterations are more evident.  
Shy-inhibited children display increased hypervigilance and fearfulness in response 
to novel stimuli (particularly social stimuli; K. A. Buss, 2011) and are at substantially 
greater risk of developing anxiety symptomatology in later childhood (Clauss & Blackford, 
2012; Gartstein et al., 2012; Kagan et al., 1999; Prior et al., 2000). It is, therefore, 
reasonable to conclude that PNMS-dysregulation may play a key role in the development 
of childhood anxiety. Following the experience of a stressful prenatal environment, an 
infant may display increased hypervigilance and reactivity to threatening stimuli. These 
adaptations may be maladaptive, leading to the development of anxiety symptomatology, 
among other behavioral problems. Despite this theoretically plausible developmental 
pathway, empirical studies (Glynn, Howland, Sandman, et al., 2018; Lin et al., 2017), 
including work within this thesis (Chapter 3), are yet to support this hypothesis. 
97 
 
 
Mechanisms underlying the association between shy-inhibited behaviors and anxiety 
symptomatology are still being explored (for a review see P. Liu & Pérez-Edgar, 2018). It 
may be that developmental pathways are dependent upon the postnatal environment.  
Parenting 
An extensive body of literature has documented the role of parenting in the 
development of anxiety (McLeod et al., 2007; Möller, Nikolić, Majdandžić, & Bögels, 
2016). Researchers have focused on understanding the role of two broad parenting behavior 
constructs in relation to anxiety symptom development: (1) parental behavioral and 
psychological control/autonomy granting, also referred to as involvement, intrusiveness, 
overprotection, and negative control; and (2) parental rejection/acceptance, also referred to 
as negativity, hostility, and/or criticism versus responsiveness, acceptance, and/or warmth.  
Studies suggest parenting behaviors play a small to negligible direct role in the 
development of anxiety symptomatology (Affrunti & Woodruff-Borden, 2015; Möller et 
al., 2016; Yap & Jorm, 2015). In the most recent meta-analysis (Möller et al., 2016) 
examining the associations between parenting behaviors and anxiety, the effect of 
parenting, although still small, seemed to be stronger during later, rather than earlier, 
childhood (children aged less than 6 years). Of the two most predominately examined 
parenting behaviors (involvement/control and rejection/negativity), some meta-analytic 
reviews (McLeod et al., 2007; Möller et al., 2016) highlight aspects of parental 
involvement as being most predictive of anxiety symptomatology. Low to negligible 
effects of parenting on the development of anxiety symptomatology in young children 
highlights the importance of examining within-individual susceptibility factors (e.g., 
temperament) that may elucidate who is the most vulnerable to their parenting environment 
(Nigg, 2006). 
Temperament and Parenting 
Theoretical models of anxiety suggest that both child temperament and maladaptive 
parenting behaviors have a reciprocal influence on the development and/or maintenance of 
childhood anxiety symptoms (Chorpita & Barlow, 1998; Fox, Henderson, Marshall, 
Nichols, & Ghera, 2005; Rapee, 2001; Vasey & Dadds, 2001). A more difficult (fearful, 
shy, behaviorally inhibited, anxious) child temperament is theorized to elicit parenting 
behaviors of overinvolvement (greater behavioral and psychological protection) and 
parental rejection (more negativity, lack of warmth). Overinvolved parents may wish to 
overprotect their child, to reduce their child’s distress. This inadvertently promotes the 
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development of the child’s anxiety symptoms by teaching the child that they need 
protection and reducing the child’s perceived control over threats. Ultimately, this leads to 
the child increasingly avoiding threatening or stressful situations. Rejecting or less warm 
parenting behaviors may increase a child’s sensitivity to anxiety by limiting the 
development of the child’s emotional regulation skills, putting them at greater risk of 
developing anxiety (Negreiros & Miller, 2014). Temperamental characteristics in the child 
may elicit certain parenting behaviors to negate the child’s distress. Subsequently, more 
negative or overprotective parenting may lead the child to have a heightened susceptibility 
to anxiety, or may help maintain pre-existing anxious behaviors. Parental psychopathology 
may also contribute to the development of childhood anxiety. Some studies suggest an 
interactive effect, whereby more controlling parenting behaviors impact child anxiety when 
mothers are more depressed or anxious (Laurin, Joussemet, Tremblay, & Boivin, 2015). 
Others suggest that parenting behaviors and maternal anxiety independently and/or 
additively affect the development of symptoms (Hudson & Dodd, 2012; Hudson, Doyle, & 
Gar, 2009; van der Bruggen et al., 2008). Finally, maternal mood may impact the 
development of anxiety via alterations to parenting behaviors (Hummel & Kiel, 2015). 
In line with a developmental psychopathology framework and associated research 
(Bates, Schermerhorn & Petersen, 2015), researchers have primarily investigated the 
development of anxiety with respect to parenting behaviors across two lines of research. 
Firstly, the interactive effects of shy-inhibited behaviors and parenting in the development 
of symptoms have been tested. Inhibited toddlers, in the face of parental overcontrol or 
involvement, are most likely to experience anxiety symptomatology in later development 
(for a review see Ryan & Ollendick, 2018). Findings are supportive of a diathesis 
(behavioral inhibition) – stress (parenting; Monroe & Simons, 1991) or vulnerability 
(behavioral inhibition) – external factor (parenting; Nigg, 2006) model. Children higher in 
BI are more vulnerable to over-controlling parenting. When exposed to maladaptive 
parenting, these children, relative to children who are less vulnerable (i.e., do not display 
behaviorally inhibited temperament styles), are more likely to develop anxiety 
symptomatology. Of note, children who display consistently high levels of behavioral 
inhibition across toddlerhood and early childhood display higher social anxiety symptoms 
in adolescence only in the face of high maternal over-control (Lewis-Morrarty et al., 2012). 
Less consistent findings have been established when considering maternal negativity (Ryan 
& Ollendick, 2018). Additive, rather than interactive, effects of behavioral inhibition, 
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maternal overinvolvement, and maternal anxiety on anxiety development have also been 
established (Bayer et al., 2018; Hudson & Dodd, 2012; Laurin et al., 2015; Muris, van 
Brakel, Arntz, & Schouten, 2011). Overinvolvement, particularly, may prevent the child 
from learning independent coping skills and allow them to avoid challenges in their 
environment, exacerbating their uncertainty in such situations and their risk of developing 
anxiety. 
Another line of research aims to use more complex statistical analyses to model the 
bi-directional (and thus possibly mediational) effects of child temperament and parenting in 
the development of anxiety symptoms. As theoretical models of anxiety and developmental 
psychopathology suggest, children are active participants in shaping their environments. By 
studying bi-directional relationships between shy-inhibited children and parenting, 
researchers aim to understand the mechanisms through which inhibited temperament 
develops and confers risk for anxiety. Comprehensive reviews of the topic (Kiff, Lengua, 
& Zalewski, 2011; Ryan & Ollendick, 2018) suggest that behaviorally inhibited and fearful 
children are highly susceptible to the parenting environment, with such susceptibility 
subsequently engendering overprotective parenting. Studies support both the influence of 
children’s behavioral inhibition on parenting and the alternative – that parenting influences 
the development and maintenance of behavioral inhibition, shyness, and fearfulness. 
Parental controlling behaviors (Rubin, Nelson, Hastings, & Asendorpf, 1999) and 
inconsistent discipline (Lengua & Kovacs, 2005) have been found to predict increases in 
aspects of behavioral inhibition across early development. Other studies suggest that 
behaviorally inhibited children elicit greater protection from their parents (Rubin et al., 
1999). Supportive of child-driven effects, in toddlerhood (29 months), greater maternal 
overprotection was predicted by toddler fearfulness one year prior (Armour et al., 2018). 
Few studies have examined the maternal warmth/negativity – BI relationship 
longitudinally, with mixed results. A longitudinal test of bi-directional relationships in 
middle childhood failed to establish the role of parental acceptance in shaping child 
fearfulness (Lengua & Kovacs, 2005). While low maternal warmth during early childhood 
may maintain fearfulness (Kochanska, Philibert, & Barry, 2009), parental rejection predicts 
pre-adolescent fearfulness and internalizing problems (Lengua, 2006). Van der Bruggen, 
Stams, Bögels, & Paulussen-Hoogeboom (2010) found 4.5-year maternal rejection but not 
maternal control mediated effects of 3.5-year negative emotionality on anxiety problems at 
the latter age. Other studies failed to find associations between maternal warmth and the 
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development of behavioral inhibition (Armour et al., 2018; Park et al., 1997). Overall, 
maternal overprotection and negativity may condition the effects of behavioral inhibition 
on anxiety and simultaneously lead to the development of greater behavioral inhibition. 
Ultimately, this pattern may lead to the development of anxiety symptoms.  
Experimental designs generally suggest child factors may elicit parenting behaviors 
that aid the maintenance and further development of child anxiety (Möller et al., 2016; 
Thirlwall & Creswell, 2010). Mothers of clinically anxious children demonstrate more 
overinvolvement towards their child during challenging tasks (e.g., puzzle and speech 
tasks, as coded by observers; Hudson & Rapee, 2001), when compared to mothers of non-
anxious children. When observed with children who were not their own (genetically 
unrelated), mothers were more involved with clinically anxious unrelated children rather 
than non-anxious unrelated children (Hudson et al., 2009). Furthermore, mothers of 
clinically anxious children showed the same level of involvement as mothers of non-
anxious children when interacting with unrelated children, regardless of child anxiety status 
(Hudson et al., 2009). Taken together, these findings suggest that maternal 
overinvolvement may be a response to child-driven anxiousness. Longitudinal studies 
modelling bi-directional and mediational pathways provide further support for the 
reciprocal effects of anxious child-parental control/involvement and negativity across early 
development (Gouze et al., 2017), for maternal-driven effects (Kok et al., 2013), and an 
absence of maternal-child associations (Kopala-Sibley et al., 2017). 
Overall, the findings of interactional, mediational, and bi-directional modelling, as 
well as experimental studies, converge. Maternal overinvolvement and negativity may lead 
an inhibited child to be at greater risk of experiencing anxiety symptoms. The relationship 
between temperament and parenting is possibly bi-directional. Research supports 
theoretical models of anxiety, in that the complex interplay between child and parent 
during early childhood may exacerbate child inhibition, increasing the risk of anxiety 
symptom development. Empirical studies examining the continuity and development of 
early anxiety symptoms converge with that of developmental temperament – anxiety 
studies. Parent-child relationships have, however, generally been examined via non-causal 
mediation or moderation analyses. The theoretical notions of anxiety development need to 
be examined using improved longitudinal research methodologies.  
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Mother-child Interactions in the Context of PNMS-programming 
As I have discussed throughout my thesis, examinations of pre and postnatal 
environmental effects are not independent of each other. The fluid and ever-changing 
environment within which the mother-child relationship exists makes studying the unique, 
differential, and additive effects of pre and postnatal environments difficult. Symptoms of 
prenatal mood are generally ongoing and stable throughout the early postnatal period 
(Fredriksen, Soest, Smith, & Moe, 2018; Littlewood et al., 2018), while the maternal 
psychological effects of experiencing disasters (manmade or natural) in pregnancy are also 
enduring (Havenaar, Bromet & Cwikel, 2002; Neria, Nandi & Galea, 2008). Non-human 
animal studies examining pre and postnatal exposure to maternal distress can manipulate 
and disentangle the effects of both the pre and post-natal environments via cross-fostering 
techniques. In contrast, human observational studies are typically unable to do this, as 
mothers continue to interact with their biologically related child throughout the perinatal 
period (c.f. Rice et al., 2010).  
Traditionally, PNMS research has tended to address the influence of postnatal 
environments on child development by controlling for the maternal psychological state in 
the early postnatal period and at the age of child assessment (Lequertier, Simcock, 
Cobham, Kildea, & King, 2019; McLean, Cobham, Simcock, et al., 2018). Importantly, as I 
have established so far in my thesis (Chapters 1-3), this methodology results in findings 
that suggest PNMS has unique effects on child temperament and later psychopathology, 
independent of the postnatal psychological state of the mother (and sometimes father; 
Capron et al., 2015).  Yet, the influence of the postnatal maternal mood (Lequertier et al., 
2019; McLean, Cobham, Simcock, et al., 2018; Simcock et al., 2017a) and parenting stress 
(Moss et al., 2018) on childhood developmental outcomes within PNMS studies is 
substantial (as indicated by percentage of variance accounted for in outcomes). In light of 
this, research is beginning to examine the role of parenting behaviors in the face of PNMS 
exposure. Given the dearth of studies investigating parenting behaviors in the context of 
PNMS research, I provide an overall review of the theories and associated literature for the 
reader, highlighting the importance of future research to disentangle the (likely very 
complex) nature of effects in relation to the development of anxiety.  
Child PNMS-programming. Studies within DoHAD research are beginning to 
examine how the effects of prenatal and postnatal environments may interact in the 
development of child anxiety symptomatology. The model in Figure 4.1 demonstrates how 
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parenting may interact directly with PNMS-exposure, as well as via interaction with early 
PNMS-driven temperamental displays. This programming may play a role in the 
development of childhood anxiety symptomatology. Contrasting theories propose how 
parenting behaviors may interact with children displaying such characteristics in the 
development of anxiety symptomatology.  
The effects of prenatal maternal distress on problematic functioning and mental 
health problems in childhood could be explained in terms of a diathesis-stress framework 
(Monroe & Simons, 1991). Within the context of PNMS-exposure, this model would 
suggest that children higher in PNMS-vulnerability (indicated by the level of exposure to 
PNMS or indirectly via reactive temperament styles impacted by PNMS) are more 
vulnerable to maladaptive or stressful parenting environments (overly negative/rejecting or 
overinvolved parenting). When exposed to maladaptive parenting, these children 
experience a ‘double hit’. The impact of future stressors is therefore more severe for such 
children, rendering these children more likely to develop psychopathology in comparison 
to non PNMS-exposed individuals (Hostinar & Gunnar, 2013; Koss & Gunnar, 2018).  
Few studies have examined the direct interaction of PNMS exposure and postnatal 
parenting environments on child development. Specific to internalizing behaviors, research 
suggests that the negative effects of elevated prenatal maternal mood (anxiety and 
depression) on child internalizing behaviors may be greater when mothers display less 
optimal parenting (encapsulating aspects of sensitivity, structuring, intrusiveness, and 
hostility; Endendijk et al., 2017). Interestingly, this interactive effect was established for 
girls only. Children who experienced less PNMS exposure (thus considered to not exhibit 
the diathesis), displayed fewer internalizing behaviors, independent of the quality of 
maternal interactive behavior. Notably, this study examined paternal reports of 
internalizing behaviors and observed maternal interaction quality, suggesting the effects 
were independent of maternal reporter bias due to enduring maternal mood (Najman et al., 
2000). Here, prenatal programming interacts with the postnatal environment in a diathesis-
stress fashion. 
In contrast, the prenatal programming of postnatal plasticity suggests that PNMS 
may ‘program’ postnatal developmental plasticity, that is, it renders the child more 
susceptible in a ‘for better and for worse way’ to their postnatal environment (Hartman & 
Belsky, 2018; Pluess & Belsky, 2011). Prenatal programming of postnatal plasticity 
(Hartman & Belsky, 2018; Pluess & Belsky, 2011) follows on from the theory of 
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differential susceptibility (Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2007). 
Dysregulated children (again, indicated by the level of exposure to PNMS or indirectly via 
reactive temperament styles impacted by PNMS) may respond to good quality care and 
poorer care, more so than ‘easy’ children. Therefore, optimal child development occurs 
when dysregulated children experience good quality care, with the opposite being true 
when these children experience poor quality care.   
The postnatal programming of prenatal plasticity theory was recently tested by 
Hartman, Freeman, Bales, & Belsky (2018) using an animal model in relation to anxious 
behaviors and their precursors (behavioral and physiological reactivity). Interestingly, the 
study failed to establish any unique effects of PNMS or postnatal rearing on anxiety-like 
behavior. Yet, the interaction of the two affected behaviors. PNMS-exposed voles who 
experienced high-contact rearing displayed the least anxiety-like behaviors, while the 
PNMS-exposed voles who experienced low-contact rearing displayed the most anxiety-like 
behaviors. Non-prenatally stressed (control) voles displayed anxiety levels in between these 
two extremes. Differences in negative emotionality were not established across groups. 
This is the first assessment of PNMS-postnatal plasticity in the literature and highlights the 
importance of considering both prenatal and postnatal environments when looking to 
understand optimal child development.  
Parenting behaviors may also act to protective or buffer PNMS-exposure related 
dysregulation. Using infant observational measures, Thomas et al. (2017) found that greater 
prenatal maternal anxiety was associated with increased infant temperamental negativity at 
3 months, leading to more avoidance behaviors and use of fewer attentional regulation 
strategies at 6 months. The association between PNMS-driven temperamental negativity 
and later regulatory behaviors was true for children who experienced below average levels 
of maternal sensitivity at 6 months. Interestingly, maternal sensitivity buffered this 
developmental pathway, but did not buffer the direct association between PNMS and 
regulatory behaviors. These findings suggest that parenting behaviors likely interact with 
temperamental displays of PNMS-programming in early infancy. Whether displays of 
temperamental shy-inhibited behaviors due to PNMS exposure lead to the development of 
anxiety symptoms in the face of overinvolved or negative parenting behaviors is yet to be 
tested. 
Interestingly, in the face of ‘optimal’ parenting, children who are PNMS-exposed 
may actually fare better than those who experience less exposure to maternal stress 
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(differential susceptibility; Hartman & Belsky, 2018). Given that anxiety is, in part, 
adaptive, it is argueable whether the absence of anxiety symptoms is indeed a ‘positive’ 
child outcome. ‘Protective’ parenting behaviors may attenuate PNMS-dysregulation. 
Importantly, in relation to my conceptual model, both diathesis-stress and differential 
susceptibility theories suggest that children who experience greater PNMS-exposure are 
more vulnerable to experiences of anxiety symptomatology later in development, if faced 
with ‘anxiety maintaining’ parenting behaviors of overinvolvement and negativity. The 
literature to date has largely focused on the moderating role of parenting behaviors 
following PNMS exposure. From my review of empirical studies investigating the 
development of anxiety in normative populations, it seems more likely that both 
moderation and bi-directional (mediation) models are likely to coexist. A child who is 
displaying dysregulation due to PNMS-exposure (potentially first evident as elevated 
displays of shy-inhibited temperament) may be more vulnerable or susceptible to their 
postnatal parenting environment. Simultaneously, the reciprocal influence of a PNMS-
dysregulated child on altered parenting behaviors may lead to a subsequent increase in 
child temperamental inhibition and, eventually, the development of clinically significant 
anxiety symptoms.  
PNMS-programming: Mother and Child. Until this point, in line with the 
majority of research in the DoHAD field, I have focused on understanding how PNMS-
exposure may alter the (neuro) development of the child. More recently, if and how PNMS 
affects parenting behaviours and later psychopathology has been the focus of discussion 
(Glynn, Howland, & Fox, 2018). If PNMS predicts altered parenting behaviors, this 
pathway may account in part, for the effects of PNMS-exposure on the development of 
anxiety symptomatology.  
In line with experimental animal studies (Feldman, 2007; Nguyen, Gesquiere, 
Wango, Alberts, & Altmann, 2008; Shirtcliff, Phan, Lubach, Crispen, & Coe, 2013), 
preliminary evidence suggests that aspects of prenatal maternal mood may affect child 
behaviors via alterations to early postnatal parenting behaviors, including responsiveness, 
parental bonding, and postnatal parenting stress (Flykt, Kanninen, Sinkkonen, & Punamäki, 
2010; Henrichs, van den Heuvel, Witteveen, Wilschut, & Van den Bergh, 2019; Huizink et 
al., 2017; R. M. Pearson et al., 2012; Rossen et al., 2016). Direct effects suggest the 
disruption of neurological and physiological mechanisms yet to be extensively examined in 
humans (Glynn, Howland, & Fox, 2018), but that possibly include variation in maternal 
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expression of the hormone oxytocin (associated with gestational processes, as well as social 
and attachment behaviors; Champagne & Meaney, 2006; de Souza et al., 2013; Feldman, 
2007; Gatta et al., 2018).   
Whether PNMS affects parenting behaviors during early childhood is yet to be 
conferred. Two studies have recently examined whether parenting behaviors during early 
childhood account, in part, for the effects of prenatal maternal mood on childhood 
internalizing behaviors, with mixed support. Endendjik et al. (2017) found no mediation 
effect: prenatal maternal mood did not lead to the development of toddler and childhood 
internalizing problems via alterations to maternal interaction quality. In contrast, maternal 
reports of mindful parenting at 4-years mediated the effects of prenatal maternal anxiety 
(PNMA) on childhood internalizing behaviors at this age (Henrichs et al., 2019). The 
effects of prenatal maternal mood on subsequent maternal behaviors were driven by the 
continuation of maternal anxiety from the prenatal period through to 4-years. This finding 
suggests that enduring perinatal maternal mood (Gavin et al., 2005; Leach et al., 2015; 
Woody et al., 2017) may be one pathway through which aspects of prenatal maternal mood 
affect parenting behaviors and subsequent child internalizing behaviors (van der Bruggen et 
al., 2010). This follows research suggesting elevated maternal mood is associated with 
greater displays of overinvolved and negative parenting (in a causal or interactive fashion; 
Hummel & Kiel, 2015; Kalomiris & Kiel, 2016).  
Pertinent to my thesis work, if post-traumatic stress symptoms following man-made 
and natural disasters are severe, they can be enduring through the postnatal period (Bromet 
et al., 2011; Neria, Nandi, & Galea, 2008; Pfefferbaum, Simic, & North, 2018). Mothers 
who were exposed to the 2005 Iowa Floods displayed elevated depression 2.5 years post 
disaster (Brock et al., 2015). Post-disaster exposure, parents may engage in overprotection 
of their child due to fears that their child may be traumatised again (Williamson et al., 
2017) and may subsequently play a role in the development of children’s mental health 
(Cobham, McDermott, Haslam, & Sanders, 2016; Cowan, Callaghan, Kan, & Richardson, 
2016). Within the QF2011 cohort (King et al., 2015), studies have failed to establish 
associations between random, sudden-onset disaster-related PNMS on maternal sensitivity 
(Austin et al., 2017) and maternal mind-mindedness (Lequertier, 2018) during toddlerhood. 
Whether ‘anxiety-maintaining’ parenting behaviors during early childhood are impacted by 
experiences of PNMS directly or via the effects of enduring maternal mood is yet to be 
explored empirically.  
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It is plausible that PNMS may alter maternal parenting behaviors associated with 
the development of anxiety symptoms. However, as discussed, only a small amount of 
variance in anxiety development is attributed to maternal overinvolved and negative 
parenting behaviors (Mcleod et al., 2007). Instead, maternal parenting behaviors and child 
temperament and/or anxiety influence each other in a cyclical manner, exacerbating the 
development of inhibition and anxiety across childhood (Kiff, Lengua, & Zalewski, 2011; 
Möller et al., 2016; Rapee, 2001; Rapee & Szollos, 2002). PNMS has been found to lead to 
the development of negatively emotional and inhibited temperaments (Korja et al., 2017). I 
therefore propose that PNMS may affect the development of both mother and child, 
resulting in more challenging bi-directional interactions in the postnatal through 
toddlerhood period. Subsequently, children exposed in utero to maternal stress as well as 
anxiety-maintaining parenting behaviors in childhood are more like to experience clinically 
significant anxiety. This complex interplay, although yet to be tested, may, in part, account 
for the established programming effects of varying types of PNMS on anxiety development 
(McLean, Cobham, Simcock, et al., 2018; van den Bergh et al., 2017).  
Developing a Conceptual Model 
My review of the literature highlights the importance of considering that childhood 
anxiety symptomatology begins prior to birth. I emphasize how examining the interplay 
between the pre and postnatal environments and child temperament is key to a more 
complete understanding of the developmental pathways to childhood anxiety. Figure 4.1 
presents a conceptual model of the different processes underlying anxiety development, 
guided by the theories and literature reviewed. The limited research examining PNMS – 
parenting relationships relevant to child behavioral outcomes meant that the studies 
reviewed examined various aspects of parenting across developmental stages, in relation to 
varied aspects of PNMS (anxiety, depression, stress). Given the developmental 
psychopathology literature examining the temperament-parenting interplay and the findings 
established within my thesis so far, it is likely that these relationships are more nuanced. 
Relationships between parent and child across the prenatal to early childhood period are 
likely to be specific to the type of PNMS and parenting constructs studied. By considering 
the role of endogenous and exogenous factors in a systemetic fashion, as I have done here, 
it is my aim that the research field moves towards using a systemic model to understand for 
whom and how PNMS leads to the development of anxiety in childhood. 
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When considering how PNMS exposure may lead to anxiety development, there are 
likely several possible pathways. As displayed in my conceptual model, and from the 
literature reviewed within the current chapter, it is possible that PNMS, shy-inhibited 
behaviors, and parenting behaviors each act as independent vulnerability factors, uniquely 
contributing to the development of anxiety symptoms in young children. Having reviewed 
the nature of associations between these factors, I have argued that a complex interplay 
between several factors accounts for the development of anxiety within PNMS-exposed 
children. It possible that the postnatal environment may exacerbate (interact with) PNMS-
programming of the child directly, in the development of anxiety. When considering the 
two separate bodies of work reviewed thus far, it is interesting to consider how the 
interplay between prenatally-programmed children and their parental environment, 
displayed via temperamental characteristics, may contribute to the development of anxiety 
symptoms. It follows that PNMS exposure, first evident as displays of infant or toddler 
temperamental dysregulation, may interact with (moderate) or have a bi-directional 
relationship with (mediate) parenting in the development of anxiety. Finally, it is possible 
that both maternal parenting behaviors and child (neuro) development may be impacted by 
PNMS exposure. The bi-directional interplay between subsequent altered mother and child 
characteristics may lead to the development of child anxiety symptomatology. 
The nature of interactions between a PNMS-exposed child and their parenting 
environment in the subsequent development of anxiety symptomatology needs to be further 
explored. Whether PNMS exposure is a diathesis (Monroe & Simons, 1991) or a plasticity 
factor (Pluess & Belsky, 2011) in the development of child outcomes broadly is beginning 
to promote lively discussions in the field (see Hartman & Belksy, 2018). Both diathesis-
stress and differential susceptibility models suggest that children exposed to PNMS who 
then subsequently experience adverse postnatal environments are more likely to experience 
poorer outcomes. In the case of exposure to interventions for maternal stress or maternal 
mental health problems in pregnancy (more likely in well-resourced communities), or 
where the duration of symptoms is specific to the prenatal period, mothers who provide 
positive parenting may “buffer” the negative effects of PNMS (resiliency; Thomas et al., 
2017) or “enhance their child’s development” (prenatal programming of postnatal 
plasticity; Hartman & Belsky, 2018; Pluess & Belsky, 2011). Testing of the differential 
susceptibility hypothesis relies upon examining predictors (i.e., parenting) with both 
positive and negative poles. For the most part, the research examining anxiety development 
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focuses on varying levels of positive (e.g., sensitivity) or negative (e.g., controlling) 
parenting (rather than examining both along a continuum). To examine this theory, future 
research will need to account for this by examining the full spectrum of parenting 
behaviors as they relate to child outcomes.  
From my review, it seems most likely that both moderation and bi-directional 
(mediation) processes in the development of anxiety following PNMS exposure coexist. 
PNMS exposure may directly interact with the postnatal environment in the development 
of anxiety (e.g., Endendjik et al., 2017). Alternatively, PNMS may first lead to greater shy-
inhibited behaviors in children (Korja et al., 2017; Möhler et al., 2006; Zhang et al., 2018). 
Such children may be more vulnerable to their postnatal parenting environment and, as a 
result, develop anxiety symptomatology. Simultaneously, the reciprocal influence of a 
dysregulated child due to PNMS exposure on altered parenting behaviors may lead to a 
subsequent increase in child temperamental inhibition and, eventually, the development of 
clinically significant anxiety symptoms.  
Finally, the complex mother-child interplay preceding anxiety development is 
potentially altered due to PNMS, via altered child temperament and altered parenting 
behaviors. Alterations to parenting behaviors following exposure to stressors in pregnancy 
is plausible. How this changes the mother-child interaction throughout the postnatal period 
to early childhood is clearly an avenue of future research (Glover & Capron, 2017). Despite 
the limited research providing mixed support in human literature (Austin et al., 2017; 
Endendijk et al., 2017; Henrichs et al., 2019; Pearson et al., 2012), animal literature 
supports the role of PNMS in the development of early parenting behaviors (Feldman, 
2007; Nguyen et al., 2008; Shirtcliff et al., 2013). This experimental work points to the 
importance of considering the intergenerational transmission of anxiety (Eley et al., 2015; 
Gregory & Eley, 2007), the effects of maternal anxiety (Borelli, Margolin, & Rasmussen, 
2015) and depression (Bernard, Nissim, Vaccaro, Harris, & Lindhiem, 2018; Hummel & 
Kiel, 2015; Humphreys, King, Choi, & Gotlib, 2018) on parenting behaviors, and the role 
of genetics in individual differences in parenting behaviors (Klahr & Burt, 2014) when 
examining parenting behaviors as a mechanism of prenatal maternal distress effects on 
childhood anxiety. Research should, therefore, investigate the nature of mother-child bi-
directional relationships within methodologically rigorous study designs. In doing so, we 
may come to understand the mediational pathways through which temperament and 
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parenting behaviors simultaneously lead to the development of childhood anxiety within 
PNMS cohorts.  
Conclusions 
Clearly, a greater understanding of the role of each of these vulnerability factors in 
the development of anxiety is vital for the timely and efficacious delivery of prevention and 
treatment. I have developed several testable pathways of anxiety development, inclusive of 
both prenatal and postnatal periods, within a large conceptual model. In addition to simpler 
models, large-scale models examining several paths within this model will help develop 
both an equifinal and multifinal (Cicchetti & Rogosch, 1996) understanding of the etiology 
of anxiety in children, beginning in the prenatal environment. Models examining stability 
and/or change in temperament and parenting behaviors over time due to PNMS, and their 
bi-directional relationships and interactions using both maternal report and observational 
data, would greatly assist our understanding of this dynamic relationship as a pathway to 
the development of anxiety.  
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Chapter 5: The Role of Parenting Behaviors in the Development of Child Anxiety 
following Exposure to Maternal Stress During Pregnancy: The QF2011 Flood Study 
Abstract 
Research has begun to explore the beneficial and potentially risk-precipitating role 
of postnatal parenting behaviors in the development of childhood psychopathology, 
following exposure to prenatal maternal stress (PNMS). Theoretical models of anxiety 
development suggest that temperamentally shy-inhibited children at most at risk of 
experiencing later anxiety in the face of overinvolved and negative parenting behaviors. In 
the current study, I set out to examine whether the parenting behaviors of overinvolvement 
and/or negativity may exacerbate the likelihood of anxiety symptom development via direct 
interaction with PNMS exposure. I also test whether parenting behaviors interact with 
PNMS-exposure leading to anxiety symptom development indirectly, via displays of 
PNMS-temperamental shy-inhibited behaviors.  
The Queensland Flood Study (QF2011) investigated the relationship between 
various aspects of flood-related PNMS (objective hardship, cognitive appraisal, subjective 
distress) and childhood anxiety symptoms at 6 years of age. I considered the role of toddler 
shy-inhibited temperament at 30 months and observed parenting behaviors 
(overinvolvement, negativity) at 4 years.  
No aspect of PNMS was associated with later anxiety symptoms in the children and 
this pathway was not mediated via shy-inhibited temperament displays at 30 months. In 
contrast to my hypotheses, greater maternal subjective stress predicted less shy-inhibited 
behaviors at 30 months. However, shy-inhibitory behaviors did not predict anxiety 
symptoms at 6 years. Parenting behaviors did not moderate PNMS – anxiety pathways. 
Maternal concurrent mood was positively associated with anxiety symptoms at 6 years.  
The current findings raise questions as to the role of PNMS in programming a 
child’s risk for anxiety. Moreover, results highlight the importance of examining bi-
directional models of parent-child interactions, following PNMS exposure. Finally, 
findings support the continued investigation of the mechanisms underlying the role of 
maternal psychopathology in the development of childhood anxiety symptoms.  
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Introduction 
Understanding mechanisms of disorder can aid in the development of targeted, timely, and 
efficacious intervention and prevention programs (P. Liu & Pérez-Edgar, 2018). 
Researchers have identified many within-individual (e.g., candidate genes, behavioral 
inhibition; (Kagan et al., 1999; P. Liu & Pérez-Edgar, 2018; Nozadi et al., 2016) and 
environmental (e.g., parenting, Möller et al., 2016; early life trauma, Zeanah & 
Humphreys, 2018) factors that play a role in the development of early childhood anxiety. 
Yet, childhood anxiety develops and is maintained within a multilevel biopsychosocial 
ecological system (Sameroff, 2010). In the current paper, I investigate how three factors 
may interact and increase a child’s vulnerability to the experience of childhood anxiety: 
prenatal maternal stress (PNMS), toddler temperament, and parental behaviors. 
Understanding how these individual and environmental factors together shape the 
development of childhood anxiety is a critical next step that recognizes a knowledge gap in 
the literature. 
PNMS in the Development of Anxiety 
The Developmental Origins of Health and Disease (DoHAD; Gluckman & Hanson, 
2006)) framework, or the fetal programming hypothesis, theorizes that exposure to 
teratogens, including maternal stress, in pregnancy may alter fetal neurodevelopment in 
areas associated with stress reactivity and regulation (e.g., Hypothalamic-Pituitary Adrenal 
Axis). These neurodevelopmental alterations are proposed to underlie the established 
associations between PNMS exposure and adverse emotional and behavioral outcomes 
(Gartstein & Skinner, 2017; van den Bergh et al., 2017).  
My group recently established a link between a mother’s experience of hardship 
(e.g., financial burden, property damage, personal danger) due to a random and 
independently occurring natural disaster – the 2011 Queensland Floods – and the 
development of childhood anxiety symptoms and internalizing behaviors at 4 years 
(McLean, Cobham, Simcock, et al., 2018). Importantly, by using a ‘natural experiment’ 
design, the QF2011 Queensland Flood study was able to disentangle the unique effect of 
varying aspects of PNMS on childhood anxiety. That is, natural disasters affect pregnant 
women, independent of mother-child heritability factors (genetics, personality) and other 
co-occurring risk factors (e.g., socioeconomic status; (Lewis et al., 2013). Unique to 
disaster-related PNMS studies, I was also able to determine the specific onset of stress 
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during gestation due to the random nature and sudden onset of the event. Children of 
mothers who experienced the floods earlier in gestation displayed greater anxiety 
symptoms at this age. In the current paper, I look to further our understanding of for whom, 
and how, PNMS may lead to the development of childhood anxiety.  
PNMS, Temperament, and Anxiety 
 A growing body of research suggests that children exposed to greater levels of 
PNMS display altered temperaments: they are more negatively emotional (irritable, moody, 
and fearful; Korja et al., 2017). It has been hypothesized that PNMS exposure associated 
with dysregulated behavioral displays may explain the established associations between 
PNMS and later psychopathology, including anxiety (Glynn, Howland, Sandman, et al., 
2018; Lin et al., 2017). Specifically, greater displays of negative emotionality (e.g., 
fearfulness) and specific temperamental styles of behavioral inhibition/shyness – 
established risk factors of anxiety (Clauss & Blackford, 2012) – may underlie the 
established PNMS-anxiety associations.  
Within the current cohort, temperamental negative reactivity at 16 months 
(irritability, distress to limitations) mediated the relationship between objective hardship 
due to the floods and 4-year internalizing behaviors (Chapter 3; McLean, Cobham, 
Simcock, Kildea & King, 2019). PNMS associations with specific anxiety symptoms were 
not mediated by 16-month shy-inhibited temperamental displays (Chapter 3; McLean et al., 
2019).  
Most recently, the longitudinal nature of PNMS effects on aspects of negative 
emotionality (fearfulness, sadness, and distress to limitations) were examined in relation to 
in utero exposure to Hurricane Sandy (Zhang et al., 2018). The study found that, while 
exposed children at 6 months initially displayed greater fearfulness, this decreased across 
development, until 24 months of age. No effects of maternal subjective stress in relation to 
the disaster were established. It is clearly important in understanding the nature of PNMS 
programming to investigate PNMS effects on childhood anxiety across development. One 
aim of the current study is to examine whether PNMS exposure to a natural disaster may 
program shy-inhibited temperaments during late toddlerhood (30 months) and whether 
altered temperamental displays increase a toddler’s vulnerability for experiences of anxiety 
symptoms at 6 years.  
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Parenting, Temperament, and Anxiety 
In another line of work, theoretical models of anxiety symptomatology suggest that 
both early temperamental characteristics and parenting behaviors have a reciprocal 
influence on the development and/or maintenance of anxiety (Chorpita & Barlow, 1998; 
Fox et al., 2005; Rapee, 2001; Vasey & Dadds, 2001). Parents are likely to try to protect 
children from situations in which they display distress and feel anxious, depriving them of 
opportunities to face their fears and cope. This reinforces anxious, avoidant behaviors and 
increases the child’s risk of developing and maintaining clinical levels of anxiety.  
Empirical testing of theoretical models has been undertaken using cross-sectional, 
longitudinal, and experimental research designs (Hudson et al., 2009; Kok et al., 2013; 
Waite & Creswell, 2015). Studies have established that shy-inhibited temperament (akin to 
behavioral inhibition and fearfulness; Sanson et al., 2004) and, to a lesser extent, parental 
overinvolvement and negativity (van der Bruggen et al., 2008) are unique predictors of 
anxiety development. Examination of parent-child bi-directional relationships are scarce, 
with mixed findings (Kiff, Lengua, & Zalewski, 2011; Ryan & Ollendick, 2018). More 
consistent empirical findings have been established when researchers have examined the 
interactive effects of temperament and parenting in the development of anxiety. Research 
suggests shy-inhibited children are more likely to experience anxiety symptoms in the face 
of overinvolved and, to a lesser extent, negative parenting behaviors than those who do not 
display this vulnerability (Ryan & Ollendick, 2018). Still, these studies tend to examine 
child temperament, parenting, and anxiety either concurrently or across only two time 
points. This is a consistent methodological limitation of research testing causal claims of 
anxiety development.  
Maternal Parenting Behaviors in the Context of PNMS-programming 
Despite the plethora of research examining parent-child interactions in the 
development of anxiety, the contribution of the postnatal environment in the development 
of anxiety following PNMS exposure has been largely overlooked. Traditionally, studies 
wanting to assess the unique effects of PNMS on child development have statistically 
controlled for maternal postnatal psychopathology (McLean, Cobham, Simcock, et al., 
2018; Moss et al., 2017), to best account for established postnatal environmental effects on 
child development (S. H. Goodman et al., 2011). In more recent years, studies have looked 
to determine the interactive effects of prenatal and postnatal environments on child socio-
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emotional development (Endendijk et al., 2017; Grant et al., 2009; J. C. Thomas et al., 
2017). 
A child who is exposed to PNMS exhibits developmental plasticity and is, 
therefore, more susceptible to, or varies in their responsivity to, their environment (Monroe 
& Simons, 1991; Pluess & Belsky, 2011). In testing the modifying role of postnatal 
maternal behaviors, Endendjik et al. (2017) found that girls exposed to both high prenatal 
emotional symptoms (anxiety and depression) and poorer-observed maternal interaction 
quality (including aspects of sensitivity, intrusiveness, structuring and non-hostility) 
displayed greater paternal reported internalizing behaviors (inclusive of depressive, 
somatic, and anxiety symptoms; aged between 23 and 60 months). This was in comparison 
to those prenatally-exposed children whose mothers responded with greater sensitivity to 
their child in the postnatal period. When the exposure to prenatal emotional symptoms was 
low, child internalizing behaviors were similarly low, regardless of maternal postnatal 
sensitivity. This study suggests that PNMS effects on child anxiety symptomatology are 
likely dependent, at least in part, on extrinsic contextual factors, such as parenting 
behaviors.  
Consideration of theoretical models (Chorpita & Barlow, 1998; Vasey & Dadds, 
2001) and empirical literature examining the development of anxiety (Ryan & Ollendick, 
2018), as well as research suggesting PNMS may play a programming role in the 
development of temperamental reactivity (Korja et al., 2017) and child anxiety (McLean, 
Cobham, Simcock, et al., 2018), offers insight into another, as yet untested, model of 
anxiety development. Parenting behaviors may also interact with prenatally programmed 
individual characteristics of shy-inhibition, leading to the development of greater anxiety 
during early childhood. Children displaying greater shy-inhibitory behaviors due to PNMS 
exposure are likely to be more vulnerable to maladaptive or stressful parenting 
environments (overly negative/rejecting or overinvolved parenting). When exposed to 
maladaptive parenting, these children, relative to children who are less vulnerable (i.e. do 
not display PNMS-vulnerabilities), are more likely to develop anxiety symptomatology. 
Although untested in relation to anxiety symptomatology, Thomas et al. (2017) examined a 
similar pathway when considering the development of temperamental characteristics 
following PNMS and the moderating role of maternal sensitivity (responsiveness to infant 
cues and emotions). Using infant observational measures, the research team found that 
greater prenatal maternal anxiety was associated with increased infant temperamental 
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negativity at 3 months, leading to more avoidance behaviors and use of fewer attentional 
regulation strategies at 6 months (Thomas et al. 2017). This was true for children who 
experienced below average levels of maternal sensitivity in the postnatal environment.  
The Current Study 
In line with the extant literature (Tandon, Cardeli, & Luby, 2009), until this point in 
my thesis I have focused on examining the developmental pathways of both internalizing 
behaviors and anxiety symptoms (“anxiety symptomatology”). Specific anxiety disorders 
have a median age of onset at 6 years (Merikangas et al., 2010). Moreover, endogenous and 
exogenous factors impacting the development of anxiety and depression during middle 
childhood may vary (Windstrom et al., 2017; (Hopkins et al., 2013; Ryan & Ollendick, 
2018; Stark, Humphrey, Laurent, Livingston, & Christopher, 1993). I focus here on 
examining the effects of PNMS in relation to specific anxiety symptoms. In the current 
study, I test a psychosocial model of anxiety development following in utero exposure to 
varying levels of flood-related PNMS (see Figure 1). The model specifies a potential 
pathway between aspects of disaster-related PNMS and childhood anxiety via infant shy-
inhibited temperament, moderated by maternal parenting behaviors (overinvolvement, 
negativity).  
Here, I extend upon my team’s previous work in Chapter 3 and elsewhere (McLean, 
Cobham, Simcock, et al., 2018; Simcock et al., 2017a) by:  
1. Examining the role of varying aspects of disaster-related PNMS on childhood 
anxiety symptom development at the age of 6 years. 
2. Examining the role of shy-inhibited temperamental styles in later toddlerhood 
(30 months) as a pathway through which disaster-related PNMS affects the 
development of anxiety symptomatology at school-age (6 years). 
3. Determining whether the development of anxiety following PNMS exposure is 
directly or indirectly (via shy-inhibited temperament) exacerbated by higher 
levels of parental overinvolvement and negativity at age 4 years.  
Aim 1:  
To determine whether exposure to varying aspects of disaster-related PNMS 
(objective hardship, cognitive appraisal, subjective stress) and in utero timing of the 
stressor are associated with childhood anxiety symptomatology at 6 years.  
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Hypothesis 1: Following QF2011 findings at 4 years (Mclean et al., 2018), I expect 
that greater maternal objective hardship due to the floods and earlier timing of exposure to 
the floods in gestation will be predictive of greater childhood anxiety symptoms at 6 years.   
Aim 2: 
To determine whether toddler shy-inhibited temperament at 30 months is a pathway 
by which exposure to disaster-related PNMS aspects have an indirect effect on childhood 
anxiety symptoms (at 6 years).  
Hypothesis 2: I hypothesized that PNMS (objective, subjective, or cognitive 
appraisal) may have a negative indirect effect on childhood anxiety symptoms through a 
more shy-inhibited temperament. 
Aim 3: To determine whether the direct and/or indirect effects of prenatal 
exposures on childhood anxiety symptoms are conditional upon (moderated by) the level of 
maternal parenting behaviors (overinvolvement and/or negativity).  
Hypothesis 3: Greater toddler shy-inhibited behaviors will be associated with 
greater anxiety symptomatology at higher levels of maternal a) control and b) negativity, 
with a weaker association at lower levels of maternal parenting behaviors.  
Hypothesis 4: The negative effect of objective hardship on anxiety symptomatology 
at 6 years will be stronger for children who also experience higher levels of maternal a) 
control and b) negativity at 4 years, with a weaker association at lower levels of maternal 
parenting behaviors. 
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Figure 5.1. Hypothesized model of the development of childhood anxiety following prenatal maternal 
stress (PNMS) exposure.  
Method 
Participants and Procedures 
In January 2011, the state of Queensland, Australia, experienced its worst flooding 
in 35 years (Final report Queensland floods commission of inquiry, 2012). The current 
study is part of an ongoing prospective longitudinal study, the QF2011 Queensland Flood 
study (King et al., 2015). QF2011 aims to examine the biopsychosocial mechanisms 
through which disaster-PNMS (in relation to the 2011 flooding) impacts maternal 
wellbeing and child development. Recruitment of women who were pregnant in January 
2011 began once ethical approval was received in April 2011 and continued until January 
2012. The QF2011 Study received ethical approval from the Mater Research Institute 
(1844M) and the University of Queensland (2013001236).  
The study recruited women who were pregnant at the time of the flood, were 18 
years or older, had a singleton birth, and were fluent in English to partake in the study. A 
total of 230 women responded to a questionnaire detailing their demographics, flood 
experience, and mental health at the time of the floods. At 30 months, 133 maternal reports 
of toddler temperament were completed as part of a larger survey detailing maternal 
wellbeing and child development. At 4 years, mother-child dyads were invited to attend 
developmental assessments within the laboratory, with 109 dyads completing the mother-
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child interaction task. Finally, at 6 years, 124 mothers returned surveys detailing their 
child’s anxiety and their own mood. From the subsample of 124 mother-child dyads who 
had both recruitment and 6-year outcome data (necessary to be included in the current 
study), one child was born <36 weeks’ gestation and < 2500g. This mother-child dyad was 
excluded from the current study given thatprenatal maternal stress has been associated with 
low birth weight and premature birth (Lobel et al., 2008; Nkansah-Amankra et al., 2010; 
Zhao et al., 2015). Those born preterm and/or low birth weight are more likely to 
experience altered development including later anxiety symptomatology compared to term-
born children (Anderson, 2003; Aylward, 2014; Brummelte et al., 2011; Vinall et al., 
2013). Informed written consent was provided by all participants at each phase of the 
study. 
Due to the expected attrition rates within longitudinal studies, participants received 
a $30 shopping voucher for their participation in the 4-year assessments and 6-year 
questionnaires, to thank them for their time. At the 4-year assessment, children were also 
gifted a small toy of their choosing.  
Measures 
Predictor variables.  
Objective hardship. The Threat, Loss, Scope, and Change that a mother 
experienced due to exposure to the 2011 Queensland Flood was assessed using the 
Queensland Flood Objective Stress Scale (QFOSS; Appendix E). This questionnaire was 
similar to those used in previous disaster-related PNMS studies to assess objective hardship 
(Laplante et al., 2007; Brock et al. 2015). Scores for each item were rated according to 
severity of exposure (Appedix E). A participant’s score ranged from 0 (no impact) to 50 
(extreme impact) on each dimension. The sum of dimensions was used to create an overall 
score of objective hardship from the floods. An individual’s score ranged from 0 (no 
hardship) to 200 (extreme hardship).  
Subjective distress. Subjective distress in response to the floods was assessed using 
three measures. The 10-item Peritraumatic Dissociation Experiences Questionnaire (PDEQ; 
Marmar, Weiss & Metzler, 1987) and the Peritraumatic Distress Inventory (PDI-Q; Brunet 
et al., 2001) assessed maternal peritraumatic responses to the event. The questionnaires 
assessed a mother’s severity of emotional distress and physical reactions (PDI-Q) and 
dissociative-like experiences (PDEQ), at the time of the flood. Post-traumatic stress 
symptoms (intrusive thoughts, avoidance/numbing, and hyperarousal) were assessed using 
119 
 
 
the 22-item Impact of Event Scale – Revised (IES-R; Weiss & Marmar, 1997). Mothers 
responded to the questionnaires using a 5-point Likert scale from 0 (not at all true) to 4 
(extremely true). All measures show good internal consistency and good test-retest 
reliability (see King et al. 2015 for details).  
Using all 230 scores of participants who provided PNMS data, a Composite Score 
for Mothers’ Subjective Stress (COSMOSS) was computed to assess subjective distress. 
This was done via Principal Component Analysis (PCA) on the three measures of 
subjective distress. The PCA-derived algorithm used is as follows: COSMOSSq = 
0.359*IESR + 0.396*PDI + 0.389*PDEQ and resulted in one factor explaining 76.27% of 
the overall subjective stress variance.  
Cognitive appraisal. Mothers were asked to rate their appraisal of the flood 
experience on a 5-point Likert scale; Very Negative (-2) to Very Positive (+2). The single 
item asked mothers: “If you think about all of the consequences of the 2011 Queensland 
flood on you and your household, would you say the flood has been…?” Scores were 
dichotomized to Negative and/or Neutral (0) and Positive (1), due to the few very negative 
evaluations.  
Child variables. 
Toddler temperament (30 months). The Short Temperament Scale for Toddlers 
(STST; (Prior et al., 1989) is a 30-item questionnaire in which parents rate the occurrence 
of common toddler behaviors on a 6-point scale (0, almost never; 6, almost always). The 
scale was adapted from the Toddler Temperament Scale (TTS) of Fullard, McDevitt, and 
Carey (1978) for Australian use and has been shown to be psychometrically sound (Prior et 
al., 1989). Six dimensions of toddler temperament are measured across the items, including 
approach-withdrawal, rhythmicity, cooperation-manageability, reactivity, rhythmicity, and 
distractibility. For the current research, I used the participants overall factor score on the 
“approach-withdrawal” subscale, as this is most closely related to the temperamental 
quality of “shy-inhibition” (Merikangas, Swedsen, Preisig, & Chazan, 1998). The 
approach-withdrawal subscale includes five items, including, “the child smiles when 
unfamiliar adults play with him/her” and “the child’s initial reaction at home to approach 
by strangers is acceptance (looks at, reaches out)”.  
Anxiety symptoms. The 39-item Spence Preschool Anxiety Scale (Nauta et al., 
2004; Spence et al., 2001) provides an overall maternal-report measure of specific anxiety 
symptoms, as well as six childhood anxiety disorder subscale scores, in accordance with 
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DSM-IV criteria (American Psychiatric Association, 1994). Mothers reported the 
frequency at which an item is true for their child, on a Likert scale from 1 (not at all) to 5 
(very often true). From the first 28 items, the overall total score of anxiety symptoms was 
calculated and used for the analyses. Children are classified as within Normal (total score ≤ 
33) and Elevated (total score ≥ 34) symptom range using established clinical cut-off scores. 
The SPAS total anxiety score shows good construct validity with the CBCL-Internalizing 
scale (Spence et al., 2001). 
Postnatal maternal variables. 
 Parent-child interaction task (4 years). Mother-child interactions were observed 
while the child was completing a jigsaw puzzle task, suitable for 5- to 6-year-old children. 
The task was chosen as one that would normally be challenging and beyond age-specific 
abilities for the children assessed. The task was adapted from a study conducted by Hudson 
and Rapee (2001). 
The task was completed as one part of a two-hour developmental protocol at 4 
years, conducted by the first author (see King et al., 2015 for full protocol assessment 
details). At the time of assessment, she was blind to the dyad’s stress responses to the 
flood, as well as all other study variables. The mother-child interaction puzzle task was 
administered approximately 30 minutes from the commencement of the assessment after 
standardized assessments of development (see King et al., 2015 for a detailed review of 
scales assessed).  
 For the duration of the task, the mother and child were seated at the assessment 
table. The child was shown the jigsaw puzzle pieces and completed picture and asked to 
complete the task within a five-minute period. Once the experimenter read out the below 
instructions, she left the room for the allocated time and, upon returning, asked the child to 
display their work. The task was videotaped for later coding.  
 Children’s instructions: “Now I’m going to get you to complete a puzzle! Here are 
all the puzzle pieces. This is to show me how good you are at putting jigsaws together.  I’m 
going to leave the room for five minutes and when I come back, you can show me what 
you’ve done.” 
Mother’s instructions: “This is a test of (child’s) ability to reason and solve 
problems.  Most 4-year-olds have no trouble completing this puzzle in a five-minute 
period. I want to see how well (child) performs. You can help him/her if you think s/he 
needs it. You’re here for support.” 
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 Observation. The 5-minute puzzle task interactions between the mother-child dyads 
were rated on a nine-scale puzzle coding system. The scale was adapted from the coding 
scheme used by Hudson and Rapee (2001). 
 Coding scheme. The coding scheme includes nine scales that load onto two factors: 
negativity and involvement (see Hudson and Rapee, 2001 for detailed explanation of 
principal factor extraction). The negativity factor consisted of four scales and assessed the 
degree of parental warmth/negativity during the interaction. The negativity scales were: (a) 
general mood of the interaction; (b) mother’s degree of positive affect; (c) mother’s 
tension; and (d) mother’s degree of verbal and nonverbal encouragement and criticism. An 
average of the four scales was calculated as an overall score of negativity for each 
participant, with higher scores indicating increased negativity. The Involvement factor was 
comprised of five scales: (a) general degree of involvement in the task; (b) degree of 
unsolicited help; (c) touching of the puzzle pieces; (d) mother’s focus during the 
interaction; and (e) mother’s posture. This scale represents the mother’s involvement and 
help during the task, with higher average scores of the five scales representing increased 
intrusiveness. Each of the scales was coded from 0 to 8. Scores below four illustrated less 
intrusive/more warm interactions and scores above four were used to code more 
negative/overinvolved interactions. A rating of 4 was scored if the interaction was neutral.  
 All puzzle tasks were coded by a trained research assistant, with approximately 
30% of mother-child dyads coded for reliability by the first author. The primary coder was 
blind to all variables for each mother-child dyad, including the other 4-year developmental 
assessments. The first author had conducted the assessments and the observed task; 
however, significant time had elapsed between testing and coding (3 to 10 months). The 
research assistant was initially trained by the first author on the coding system. The 
assistant was instructed to watch each puzzle task before coding the interaction. Following 
Hudson and Rapee (2001), Intraclass correlations were calculated using Shrout and Fleiss’ 
(1979) model 2 (Rater’s random), to determine the inter-rater reliability of the two raters. 
Both factors had high inter-rater reliability scorings: Involvement, ICC (2, 1) = .95, p<.01; 
Negativity, ICC (2,1) = .89, p <.01.  
Covariates. To control for maternal reporter bias of child behaviors (Najman et al., 
2000), maternal mood at 30 months and 6 years were included in statistical models. A 
composite score of maternal mood was calculated using the Depression, Anxiety, and 
Stress Scale short-form ( DASS-21; Lovibond & Lovibond, 1995) at both ages. Higher 
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scores indicate poorer maternal mood. In line with our previous examination within this 
cohort at 4 years, I included a measure of maternal trait anxiety – the State-Trait Anxiety 
Inventory (STAI-T; Spielberger et al., 1983), measured at 30 months postpartum. 
Demographics. At recruitment, mothers reported on their socio-economic status, 
marital status, household income, and maternal age at the birth of the child. Child 
birthweight, sex, and gestational age were collected from medical records taken at birth.  
Statistical Analyses 
 To explore Aim 1, I conducted a series of hierarchical regression models. To 
examine Aims 2 and 3, I tested a series of mediation and moderated mediation models, 
respectively. Models were assessed for each type of PNMS assessed – objective hardship, 
cognitive appraisal, and subjective stress. Objective hardship was included in each model, 
either as a predictor or as a control variable when examining the other aspects of maternal 
stress. Control variables were entered in their time-relevant paths (regression 1 or 2) to 
account for the longitudinal nature of the models. Due to the relatively small sample size, 
interaction terms and theoretically derived covariates forced into equations were trimmed 
from analyses if non-significant (at the level p < .10). The final trimmed models are 
presented here.  
 One outlier on the SPAS outcome was winsorized (Field, 2018). Given that data 
was found to be missing completely at random, I used Expectation Maximization 
techniques (Schafer & Graham, 2002) to impute 19 data points (15.4% data missing) on the 
STAI-trait anxiety and DASS 30-month composite score measures, as well as two data 
points on the DASS 6-year composite score (1.6% missing data). The models met all 
assumptions. Statistical analyses were conducted using SPSS version 25 and the PROCESS 
Macro v3.2 (Hayes, 2018).  
Results 
Attrition analyses 
Participation varied at different time points. There were no differences between the 
overall samples at 30 months, 4 years, and 6 years on any flood-related variable. 
Participants who completed the 6-year child anxiety measure (N = 124, M = 125.30 days; 
SD = 73.88) were exposed to the flood earlier in gestation than those who did not (N = 106, 
M = 106.11 days; SD = 73.01) complete the 6-year child anxiety report, t (228) = 1.97, p = 
.05). 
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Descriptive Statistics  
As shown in Table 5.1, child temperament and anxiety scores were largely 
normative. Nine children (7.4% of the sample) displayed shy-inhibited behaviors >1SD 
above the Australian age-normed mean at 30 months. A total of 10 children (8.1 % of the 
sample) displayed elevated or clinical levels of anxiety at 6 years. As I have described 
previously, recruited mothers were well-educated and well-resourced. Women on average 
having over 14 years of schooling (i.e. post-secondary school education) and from 
households with above national average (Mean = 1000, SD = 500) scores on SES. 
  
124 
 
 
 
Table 5.1  
Descriptive Statistics and Correlations with Child Anxiety 
 Descriptive   
 N M (SD)   
SPAS a  123 14.96 (13.93)   
Objective hardship 123 20.42 (17.02)   
Post-traumatic stressb 123 6.19 (9.89)   
Peritraumatic distressc 123 11.73 (8.28)   
Peritraumatic dissociationd 123 5.94 (7.21)   
Composite subjective stresse 123 -.01 (.94)   
Cognitive Appraisal: Neg 123 44 (35.8%)   
Cognitive Appraisal: Neut/Pos  79 (64.2%)   
Timing of exposure (days) 123 125.35 (74.18)   
Shy-inhibition 30m f 94 3.15 (.97)   
Parental Involvement 83 5.25 (1.33)   
Parental Negativity 84 3.01 (1.30)   
Infant sex(boys) 123 63(51.2%)   
Socio-Economic Indexg 123 1054.68 (54.50)   
Maternal Age at Child Birth 
Schooling level(years) 
123 
93 
31.27 (4.73) 
14.56 (1.85) 
  
30m Maternal Moodh 104 18.13 (17.55)   
30m Maternal Trait Anxietyi 104 39.21 (9.22)   
6-year Maternal Moodh 121 17.94 (16.89)   
Gestational age at birth (wks) 123 39.39 (1.20)   
Birthweight (grams) 123 3549.75 (477.08)   
Note. Untransformed scores are used for the descriptive measures of maternal stress. 
Spearman’s rho correlations are between log transformed variables a SPAS = Spence 
Preschool Anxiety Scale, b = IESR, c = PDI, d = PDEQ, e = COSMOSS(IES-
R,PDI,PDEQ), f = Short Temperament Scale for Toddlers Approach-Withdrawal 
Factor, g = SEIFA, h = DASS (depression, anxiety, stress) composite score, i = STAI 
Trait Anxiety at 30 months. **p < .01, *p < .05, ^p < .1 
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Table 5.2.  
Intercorrelations between Study Variables. 
 Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1. SPASa Total Score - - - - - - - - - - - - - - - 
2. STST Shy-inhibition 30mo b .195 - - - - - - - - - - - - - - 
3. Objective hardship   .077 -.010 - - - - - - - - - - - - - 
4. Peritraumatic distress c  .084 .024 .557** - - - - - - - - - - - - 
5. Peritraumatic dissociation  .182* -.129 .507** .722** - - - - - - - - - - - 
6. Post-traumatic stress e  .208* .013 .416** .569** .462** - - - - - - - - - - 
7. Composite subjective stressf  .177 -.059 .553** .935** .850** .702** - - - - - - - - - 
8. Cognitive appraisalg  -.021 .035 -.483** -.363** -.270** -.368** -.376** - - - - - - - - 
9. Child sex  -.036 .123 -.005 -.047 .005 -.014 -.028 -.020 - - - - - - - 
10. Timing of Exposure (days) -.079 .102 .011 .057 .006 .084 .057 -.027 .052 - - - - - - 
11. 30m Maternal Moodh .341** .110 .104 .178* .201* .316** .219** -.183* -.045 - - - - - - 
12. 30m Trait Anxietyi .367** .041 .114 .309** .314** .279** .347** -.117 .011 .215* .664** - - - - 
13. 6y Maternal Mood h .409** -.007 .190* .270** .162 .310** .262** -.078 -.082 .333** .491** .579** - - - 
14. Parental Involvement  .052 .137 .062 -.016 .021 .086 .038 .036 -.06 .041 .164 .108 .189 - - 
15. Parental Negativity -.124 .131 .047 .087 .080 .272** .164 -.148 -.119 .096 .136 .061 -046 .304** - 
  
Note. Transformed scores are used for the measures of maternal stress. a SPAS = Spence Preschool Anxiety Scale, b = Short Temperament 
Scale for Toddlers, c = PDI, d = PDEQ, e = I-ESR, f = COSMOSS(IES-R,PDI,PDEQ), g = coding for cognitive appraisal: 0 = 
negative/very negative; 1 = neutral/ positive/very positive, h = DASS (depression, anxiety, stress) composite score i = STAI-Trait 
Anxiety Scale at 30 months. **p< 0.001, *p< 0.05,  ^p = .051 - 0.99 
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Preliminary Analyses 
 Table 5.2 displays the correlations between PNMS, predictor, and outcome 
variables for the subsample of participants with both recruitment and outcome data (6-year 
data; N = 123). Objective hardship, subjective stress, and cognitive appraisal measures 
were moderately correlated (r’s range 0.45 - .58). PNMS variables were not significantly 
associated with child temperament or anxiety symptoms. Maternal subjective pregnancy 
distress due to the floods was positively associated with maternal involvement (r = .20, p = 
.04), but not negativity.  
Aim 1. Results of hierarchical multiple regression analyses (Table 5.3) for the full 
sample of participants with 6-year SPAS data (N = 123) showed no effect of disaster-
related PNMS (objective, subjective, or cognitive appraisal) or gestational timing of 
exposure on childhood anxiety symptoms. Concurrent maternal mood significantly 
predicted greater child anxiety symptoms (β= .510, p < .001), accounting for 25.3% of 
variance in the outcome.  
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Table 5.3  
Summary of Hierarchical Regression Analyses, trimmed of all Non-Significant Variables for 6-year 
Anxiety Symptoms 
 
Predictor 
Variables 
β B Std. 
Error 
R R² Δ R² F ΔF 
Step 1    .068 .005 .005 0.555 0.555 
Objective 
hardship 
.068 .900 1.455      
Step 2    .107 .011 .007 0.696 0.837 
Objective 
hardship 
.073 0.978 1.458      
Gestational 
Timing of 
Exposure 
-.083 -0.014 0.016      
Step 3    .514 .264 .253 14.242** 40.872** 
Objective 
Hardship 
-.012 -0.188 1.276      
Gestational 
Timing of 
Exposure 
-.082 -0.014 0.013      
6-year 
Maternal 
mood 
0.510** 0.384** 0.060      
 
**p< 0.001, *p< 0.05, ^p = .051 - 0.99   
 
Aim 2. Shy-inhibited behaviors at 30 months did not mediate pathways from 
disaster-related PNMS (objective, subjective, or cognitive appraisal) to anxiety 
symptomatology at 6 years. In contrast to my hypothesis, after controlling for the level of 
objective hardship experienced, greater maternal subjective stress in pregnancy 
significantly predicted less shy-inhibited (more approach) behaviors at 30 months. Finally, 
30-month shy-inhibited temperament did not predict anxiety symptoms in any mediation 
model (n = 94, standardized indirect effect = -0.04, 95%CI [-0.111, 0.009]). See Figure 5.1. 
Aim 3. The association between the three aspects of disaster-related PNMS 
(objective, subjective, or cognitive appraisal) and childhood anxiety symptoms at 6 years 
was not moderated by parental overinvolvement or negativity. Moderated-mediation 
models found no interactive effects of temperament and parenting overinvolvement or 
parental negativity on childhood anxiety symptoms, when considering disaster-related 
PNMS (objective, subjective, or cognitive appraisal).   
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Figure 5.2 Mediation model examining the effect of subjective PNMS on 6-year anxiety symptoms via 30-month shy-inhibited behaviors.  
All coefficients are standardized. Dashed lines display non-significant paths. **p< 0.001, *p< 0.05, ^p = .051 - 0.
Subjective PNMS 
Objective PNMS 
30m 
Shy-inhibited 
temperament 
6-year anxiety 
symptoms 
30m maternal 
mood 
6-year maternal 
mood 
0.003 
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Discussion 
In the current study, I examined how several exogenous (external) and endogenous 
(within-individual) factors – prenatal maternal stress, shy-inhibited temperament, and 
parenting behaviors – may together play a role in anxiety development. Unexpectedly, the 
results provided no support for the unique effect of disaster-related PNMS aspects 
(objective, subjective and/or cognitive appraisal) on the development of anxiety at 6 years. 
A more shy-inhibited temperament style did not account for associations between PNMS 
and child anxiety symptoms. Moreover, parenting behaviors did not influence either 
developmental pathway. Finally, concurrent maternal mood negatively impacted the 
development of anxiety at 6 years, after controlling for disaster-related PNMS exposure. 
Results inform future research avenues for both the DoHAD and development of anxiety 
research fields, as discussed below.  
PNMS and Anxiety 
Neither disaster-related PNMS aspects nor gestational timing of flood exposure 
contributed to anxiety symptoms at 6 years. Previously, the QF2011 team and I established 
a direct effect of objective hardship on anxiety symptoms at 4 years, while children who 
were exposed earlier in gestation showed greater anxiety symptoms (McLean, Cobham, 
Simcock, et al., 2018). The attenuation of PNMS effects on anxiety symptoms across 
development within the current cohort contrast with other large prospective studies, which 
find stability of PNMS effects from childhood through to adolescence (O’Donnell 2014; 
King, 2012). Still, discontinuity and change of PNMS effects on internalizing behaviors 
across development have been reported (King et al., 2012; Robinson et al., 2008).  
Prenatal programming may contribute to early anxiety symptom development; 
however, these effects may be transient. As the child develops, postnatal factors may 
contribute to symptom severity, above and beyond prenatal factors (e.g., Gjerde 2017). 
Indeed, some studies show that, after accounting for postnatal and concurrent maternal 
mood, PNMS effects on socio-emotional outcomes diminish (Gjerde 2017; Barker et al., 
2011; Rice et al., 2010). This supports findings that developmental programming continues 
beyond birth, guided by early environmental factors (Francis, Diorio, Liu, & Meaney, 
1999; Gunnar & Quevedo, 2007; Koss & Gunnar, 2018). Finally, the postnatal 
environment is thought to contribute to the development of anxiety symptoms throughout 
development (Negreiros & Miller, 2014); more so for those displaying shy-inhibited 
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behaviors (Nigg, 2006). Below, I discuss the current findings with respect to parenting 
behaviors as one such postnatal factor. Then I will consider the role of postnatal and 
concurrent maternal mood in the development of anxiety symptoms, following PNMS 
exposure and displays of temperamental vulnerabilities.  
PNMS, Temperament, and Anxiety 
Shy-inhibited behaviors at 30 months did not mediate the PNMS – childhood 
anxiety pathways. This is consistent with previous research within the current cohort 
(McLean et al., 2019) and other cohort studies (Glynn, Howland, Sandman, et al., 2018; 
Lin et al., 2017). In contrast to my hypothesis, and the extant literature (Korja et al., 2017; 
Martin et al., 1999) in the current study, greater maternal subjective stress in reaction to the 
floods predicted fewer rather than more shy-inhibited behaviors (more approach behaviors) 
in the toddlers. In QF2011, aspects of PNMS did not predict shy-inhibited behaviors at 6 
months (Simcock et al., 2017b) and 16 months (McLean et al., 2019). Together, my 
findings may represent a developmental unfolding or slow emergence of fetal programming 
effects (Kleven & Bellinger, 2015). Relatedly, in a recent study examining the effects of 
exposure to Hurricane Sandy on pregnant women and their unborn children, Zhang et al. 
(2018) found that, while exposure to the disaster predicted greater fearfulness at 6 months, 
exposure predicted greater fearlessness across early childhood. Moreover, Barker et al. 
(2013) established a mediation effect such that greater toddler fearlessness mediated 
associations between PNMS and later conduct and callous-unemotional problems in 
adolescence. Indeed, greater fearlessness or greater behavioral disinhibition has been 
associated with greater risk for externalizing behaviors (Eisenberg et al., 2001), with effects 
potentially dependent on the postnatal parenting environment (Ryan & Ollendick, 2018). 
The longitudinal nature of disaster PNMS-programming in relation to aspects of shy-
inhibited behaviors (and associated constructs of fearfulness) and whether this may 
increase a child’s vulnerability for experiences of later behavioral problems, is an area for 
future research.  
In contrast to my findings reported in Chapter 3 (McLean et al., 2019) and that of 
the broader literature (Bayer et al., 2018; S. L. Edwards, Rapee, & Kennedy, 2010; 
Gartstein et al., 2012; Kagan et al., 1999; Muris et al., 2011; Paulus et al., 2015; Prior et al., 
2000; Ann Sanson et al., 2008), shy-inhibited behaviors at 30 months were not associated 
with anxiety symptoms at 6 years. One study suggested that the strong link between 
behavioral inhibition and internalizing problems existed in children younger than preschool 
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age but did not exist in children around 5 years (Fang & Gagne, 2018). Other research 
suggests that it is the stability of behavioral inhibition across development that is most 
highly predictive of anxiety (Clauss & Blackford, 2012) and, more specifically, social 
anxiety development during late childhood and adolescence (Brooker et al., 2013; Brooker, 
Kiel, & Buss, 2016). Given that temperamental characteristics, particularly shy-inhibited 
behaviors, increase with stability across toddlerhood and early childhood (Sanson, Pedlow, 
Cann, Prior, & Oberklaid, 1996), it will be interesting to continue to follow the QF2011 
cohort and examine the nature of effects dependent of and independent of PNMS-exposure, 
across this developmental period.  
Parenting 
I failed to find a moderating role of maternal involvement and/or negativity on the 
direct effect of PNMS on childhood anxiety. Furthermore, contrary to my hypothesis, 
parenting behaviors did not moderate the indirect effect of PNMS on anxiety via toddler 
shy-inhibited temperament. Preliminary statistics indicated that variability in parenting 
behaviors within the current sample was low. Despite children in the current cohort 
displaying normative levels of anxiety symptoms, mothers in the current study displayed 
more involvement in the puzzle task in comparison to prior studies using this observational 
protocol with anxiety-disordered children (Hudson et al., 2009; Hudson & Rapee, 2001). 
While the task (and specific puzzle) used in the current study was designed to be difficult, 
it is possible that the task was too challenging and, therefore, maternal involvement was 
greater across the current sample. This is speculative, however, given that neither 
completion data nor child behavior during the task were recorded in my study. Prior studies 
have used the observational task and coding scheme in children aged between 7 and 15 
(Asbrand et al., 2017; Hudson et al., 2009; Hudson & Rapee, 2001). The protocol may be 
more appropriate for children in early school years when an understanding of the task is 
greater. Finally, it is possible that if the mother and child interacted for a longer duration, a 
greater variability in maternal parenting behaviors across dyads would have been evident. 
An alternative methodology whereby parents are instructed to refrain from actively helping 
their child with the task in the first five minutes, followed by a period of five minues where 
they can support the child may have been useful. Children may have been more frustrated 
and therefore different patterns of parenting may have been observed. 
 In the current study, I examined child temperament, parenting, and anxiety across 
three time points (30 months, 4 years, and 6 years, respectively). Many studies examining 
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parent-child interactions use cross-sectional data (Hudson et al., 2009; Kiff et al., 2011; 
Ryan & Ollendick, 2018). Maternal parenting behaviors and child anxiety symptoms may 
interact concurrently; but may not predict symptom severity across time. Theoretical 
models of anxiety suggest that parenting and shy-inhibited temperament styles reciprocally 
influence each other in the development of symptoms (Rapee, 2001; Rapee & Szollos, 
2002). Yet, studies examining bi-directional relationships are scarce, with mixed 
directional findings (for reviews see Kiff, Lengua, & Zalewski, 2011; P. Liu & Pérez-
Edgar, 2018; Ryan & Ollendick, 2018). Effects of parenting behaviors may be cumulative, 
with older children’s anxiety more likely to elicit “anxiety-maintaining” parenting 
behaviors (Möller et al., 2016). There is a clear need for research to examine the nature of 
parent-child interactions across childhood, using repeated measure designs and advanced 
statistical modelling to infer the causal nature of the direction of effects. Independent of 
and dependent upon PNMS-exposure, studies should continue to examine the interplay 
between parenting behaviors and child anxiety (and its precursors) across time. 
In line with most of the research, I focused on examining the role of ‘anxiety 
maintaining’ parenting behaviors. Parental buffering via ‘positive’ parenting behaviors may 
help explain the attenuation of both PNMS and shy-inhibited behaviors as independent 
vulnerability factors of anxiety symptom development from 4 (Chapter 3) to 6 years within 
the current cohort. In line with other research (Austin et al., 2017; Endendijk et al., 2017; 
Thomas et al., 2017), ‘positive’ parenting behaviors may buffer the potentially negative 
effects of PNMS on child anxiety symptoms. Indeed, in the broader literature, aspects of 
maternal sensitivity and responsiveness to infant and child emotions, have been found to 
mitigate the development of anxiety in ‘vulnerable’ (i.e. behaviorally-inhibited, negatively 
emotional) children within interactive and bi-directional longitudinal models (Kiff, Lengua, 
& Bush, 2011; Voort et al., 2014). Mothers who display greater sensitivity may encourage 
and support their child’s independence, helping to regulate emotions, and therefore 
ameliorating expressions of inhibition and later anxiety development. More challenging 
parenting behaviors, whereby children are exposed to safe risk environments thought to 
develop confidence and bravery in unfamiliar situations has also been found to buffer 
anxiety symptom development (R. S. Lazarus et al., 2016; Majdandžić, Möller, de Vente, 
Bögels, & van den Boom, 2014). Future empirical exploration of such ‘positive’ parenting 
behaviors is needed to better understand the longitudinal development of anxiety following 
133 
 
 
PNMS-exposure as well as the role of parenting behaviors for children displaying 
temperamental inhibition. 
The Development of Anxiety following PNMS Exposure: Maternal Mood as a 
Mediator or Moderator  
I initially included maternal mood in the proposed models, to account for maternal 
reporter bias of childanxiety symptoms at 6 years (Najman et al., 2000). It is, however, also 
plausible that maternal concurrent mood may indeed mediate and/or moderate the effects of 
PNMS on childhood anxiety, independent of temperamental displays in toddlerhood. As 
parenting behaviors did not play a role in the development of symptoms within the current 
study, I now entertain the possible role of maternal mood in the development of symptoms 
following PNMS exposure. 
Several studies have highlighted that postnatal and concurrent maternal mood may, 
at least partially, account for the negative effects of PNMS on childhood internalizing and 
anxiety symptoms (Barker et al., 2011; R. C. Edwards & Hans, 2016; Lahti et al., 2017; 
Rice et al., 2010). Maternal mood during pregnancy is relatively stable across the postnatal 
and early childhood period (Littlewood et al., 2018). Indeed, in the current study, 30 month 
and 6-year maternal mood was associated with maternal subjective distress in pregnancy. 
Further, aspects of maternal mood, namely anxiety and depression are widely researched 
environmental risk factors for anxiety development (S. H. Goodman et al., 2011; Lawrence, 
Murayama, & Creswell, 2019; Rapee, 2001). Maternal postnatal or concurrent mood may 
also moderate the effects of PNMS on child anxiety (Lahti et al., 2017; O’Donnell et al., 
2014). In such a model, the additive effects of PNMS and concurrent mood may act as a 
‘double hit’ for the child: both are salient predictors of anxiety. When the child is exposed 
to both elevated prenatal and postnatal maternal mood, anxiety symptoms are likely to be 
most severe. 
Maternal mood is likely to simultaneously moderate and mediate the effects of 
PNMS on anxiety. Mechanisms of transmission are likely environmental and genetic in 
nature (Apter-Levi et al., 2016; Barker 2012; Hannigan et al., 2017; Kendler et al., 2017; 
Tully, Zajac, & Venning, 2009). With regards to the genetic transmission of anxiety, it is 
interesting to note that at age 6, maternal concurrent mood, but not maternal trait anxiety, 
predicted anxiety symptoms. Given that these two factors were highly related (as shown by 
strong correlations) even though the measure of maternal anxiety I used is trait-like, 
suggesting stability across time, it is perhaps the case that the effects of concurrent mood 
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were assessed at a more proximal time to the outcome and therefore contributed more to 
symptom development. Maternal mood may also lead to the development of childhood 
anxiety symptoms via parenting behaviors of overinvolvement and negativity (Laurin et al., 
2015). Yet, other studies suggest that the effects of maternal mood are independent of, or 
may act parallel to, the effects of parenting behaviors (Bayer et al., 2018; Hudson, Dodd, & 
Bovopoulos, 2011) on child anxiety development. Moreover, transmission of maternal 
mood effects across the school-age to adolescent period are thought to also be accounted 
for by non-shared environmental factors, including peer-victimization and friendship 
quality (Côté et al., 2018). Children of depressed parents have a lower capacity to maintain 
healthy relationships, possibly due to their poorer emotion regulation abilities (Katz et al., 
2011; Pratt et al., 2017).  
In sum, my finding of the negative impact of concurrent maternal mood on 
childhood anxiety symptoms, independent of the unique and additive effects of PNMS, 
temperament, and parenting behaviors, points to two avenues of future research: a) a 
greater understanding of the mediating and/or moderating role of maternal mood in the 
development of anxiety following PNMS exposure; and b) a greater understanding of the 
mechanisms through which maternal mood may impact the development of anxiety. 
Importantly, research in this field should use observational or clinical diagnostic data of 
both mother and child when considering these associations in order to avoid maternal-
report bias.  
Strengths and Limitations  
Despite the many advantages of using a natural experiment design to examine the 
effects of PNMS on child development (King et al., 2012, 2015), the current study had 
several limitations. Importantly, the well-resourced and healthy sample limits the 
generalizability of my findings to clinical populations. While I was able to examine 
maternal parenting behaviors via observational measures, the role of paternal parenting 
behaviors in development of symptoms were not examined (Möller et al., 2016). Moreover, 
an appropriate measure of observational child anxiety within the puzzle task was not 
developed at the time of observational coding for the study (Asbrand et al., 2017). Prior 
studies using this coding scheme (Hudson et al., 2009; Hudson & Rapee, 2001) have used 
both maternal report of symptoms (SPAS) and clinical diagnosis of anxiety to examine 
child anxiety. The validity of maternal reports of anxiety, such as those used in the current 
study, are well-established (Edwards, Rapee, & Kennedy, 2010; Essau et al., 2012). 
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Arguably, observational tools while valid, lack standardized norms as well as predictive 
validity (Lotzin et al., 2015) with refinement of tools needed. Finally, given that complete 
data was needed for participants across three time points, the sample size used in the 
current study was small. This likely reduced my power to determine significant interactive 
effects.  
Some research suggests PNMS effects may differ dependent on the gestational 
timing of exposure to the floods (Moss et al., 2017), as well as child sex (Simcock et al., 
2017b). Due to the small sample size, prior research suggesting these moderators may not 
affect anxiety symptom development within the QF2011 flood study (McLean, Cobham, 
Simcock, et al., 2018), and the focus on parenting behaviors in the current study, I did not 
examine these moderators. I encourage replication and extension of my study, within larger 
cohort studies.  
Future Research  
Most of the research examining the role of parenting with respect to childhood 
anxiety focuses on either maternal ‘risk-precipitating’ or ‘protective’ behaviors. In the 
future, it is important that both types of parenting behaviors are examined along a 
continuum within studies to assess the relative roles of both types of parenting behaviors 
(Slagt et al., 2016). It is possible that behaviorally dysregulated (PNMS-exposed, or shy-
inhibited) children are more susceptible in a ‘for better or worse way’ to positive and 
negative parenting (Hartman & Belsky, 2018; Hartman et al., 2018; Pluess & Belsky, 2011; 
Slagt et al., 2016). Finally, recent research proposes that PNMS effects on child socio-
emotional outcomes are mediated by parenting behaviors. (Flykt et al., 2010; Henrichs et 
al., 2019). It is possible that parenting behaviors of overinvolvement and/or negativity 
mediate, rather than moderate effects of PNMS on child anxiety symptoms. However, in 
the current study, as well as other studies within the QF2011 cohort examining various 
parenting behaviors (e.g sensitivity; mind mindedness; Austin et al., 2017; Lequertier, 
2018), aspects of disaster-related PNMS were not associated with parental involvement or 
negativity. A more extensive examination of various parenting behaviors in childhood may 
best elucidate if, for whom, and how PNMS affects the development of anxiety 
symptomatology.   
Conclusions  
In the current study, I failed to find support for a model of anxiety inclusive of 
prenatal maternal stress, postnatal parenting, and shy-inhibited temperaments. The 
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examination of how prenatal and postnatal environments together, lead to the development 
of anxiety symptoms and indeed, other child psychopathology is an emerging field of 
research. More work is needed to understand exactly if and how PNMS influences on 
infant neurodevelopment interact with established postnatal factors in the development of 
anxiety symptoms. A better understanding of the longitudinal and possibly transient nature 
of PNMS effects on anxiety symptomatology across early and mid-childhood is needed. 
Large-scale modelling of parent-child interactions within PNMS offers a clear future 
avenue for research. In conjunction with the current findings, more research within this 
field can only lead us to a more complete understanding of the nature of, and 
biopsychosocial mechanisms underlying, anxiety development within PNMS exposed 
cohorts.   
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Chapter 6: General Discussion 
Chapter Overview 
The studies included in my thesis are embedded within the QF2011 Queensland Flood 
study: a prospective longitudinal cohort study aimed at examining the biopsychosocial 
mechanisms through which maternal stress in pregnancy may impact both mother and child 
throughout development (King et al., 2015). As one of only a handful of PNMS disaster 
studies in existence, this unique design enabled a novel approach to examine the 
contribution of various aspects of flood-related stress in pregnancy to childhood anxiety 
symptoms (Part I) and the contributing role of postnatal psychosocial factors (child 
temperament and parenting behaviors) in the early emergence of this important mental 
health outcome (Part II). In the final chapter of my thesis, I will summarize the thesis 
objectives, discuss findings, and synthesize the research with the following aims:  
1. Review the findings as they pertain to the specific objectives of the thesis, 
2. Discuss the limitations of my thesis, 
3. Note future research directions, 
4. Discuss clinical implications of the findings.  
Summary of Thesis Objectives  
Part 1: The unique effect of prenatal maternal stress (PNMS) on childhood 
anxiety. Across the first two chapters of my thesis, I asked the question: “is exposure to 
prenatal maternal distress an identifiable and unique risk factor for the development of 
childhood anxiety symptoms?” In Chapter 1 I reviewed literature examining the unique 
effect of PNMS on anxiety symptoms across early childhood, through to adolescence. 
Studies included in this review used prospective longitudinal observational designs, which 
can overcome the confounding nature of mother-child heritability and other co-occurring 
risk factors (e.g., socio-economic status). My review illustrated the varying nature of 
effects, across the many types of prenatal distress frequently examined in the literature 
(maternal depression, anxiety, wellbeing, disaster stress), on childhood anxiety 
symptomatology during development. In Chapter 2 of this thesis I set out to understand the 
role of varying aspects of PNMS (objective hardship, subjective distress, cognitive 
appraisal), in relation to the 2011 Queensland Floods, on the development of anxiety 
symptomatology at 4 years. Secondary aims included examining possible moderators or 
sub-specific population effects of these associations, including child sex and timing of 
gestational exposure to maternal stress.  
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Part 2: Identifying psychosocial mechanisms underlying PNMS effects on 
childhood anxiety symptomatology. In part two of this thesis, my research was guided by 
the developmental psychopathology tenets of multifinality and equifinality (Cicchetti & 
Rogosch, 1996), as well as models of anxiety development (Rapee & Szollos, 2002). I 
examined the role of toddler temperamental characteristics and parenting behaviors as 
mechanisms through which PNMS may affect anxiety symptomatology. 
In Chapter 3 I examined toddler (16-month) temperamental characteristics that may 
precede (mediate) the development of anxiety symptomatology (at 4 years) following 
PNMS exposure. I also examined the moderating roles of timing of gestational exposure 
and child sex within a natural-disaster PNMS study design.  
In Chapter 4 I reviewed literature examining possible endogenous (within-
individual temperamental characteristics) and exogenous factors (maternal parenting 
behaviors) that may uniquely, additively, or sequentially impact the development of anxiety 
symptomatology following PNMS exposure. From the literature reviewed, I proposed a 
working model (see Figure 4.1) of the development of anxiety when considering fetal 
exposure to PNMS. Subsequently, I tested several pathways within this model in one 
empirical study (Chapters 5). Importantly, my model highlights the importance of 
understanding how PNMS-programming of both mother and child may moderate the 
associations between PNMS and childhood anxiety development. Overall, the studies 
reviewed pointed to the scarcity of research examining the psychosocial mechanisms of 
anxiety development following PNMS. 
In Chapter 5 I examined the role of maternal parenting behaviors theorized to be 
implicit in the development of anxiety symptoms at 6 years (namely, maternal overcontrol 
and negativity) within the prenatally exposed cohort. The study, therefore, had two central 
aims: 1) to examine whether greater maternal overcontrol and negativity moderated the 
effects of PNMS on anxiety symptoms at 6 years; and 2) whether children exposed to 
PNMS who displayed shy-inhibited behaviors at 30 months were more vulnerable to 
parenting overcontrol or negativity and whether this impacted their development of anxiety 
symptoms at 6 years. As a secondary aim, in Chapter 5, I examined the effects of PNMS on 
shy-inhibited behaviors at 30 months and anxiety symptoms only at 6 years. This afforded 
me an examination of the development of anxiety symptoms in relation to PNMS and 
temperamental characteristics across two time points throughout my thesis.  
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The findings established across empirical studies, make novel and important 
contributions to our understanding of the many pathways through which anxiety 
symptomatology may develop in children exposed to prenatal maternal stress.  
Summary of Findings 
Anxiety versus internalizing behaviors: different developmental pathways. The 
pathways to development of anxiety and internalizing behaviors vary depending on the 
aspect of PNMS experienced and the temperamental characteristics displayed. I identified 
specific vulnerability factors following PNMS exposure and suggest that the specificity of 
PNMS effects on childhood anxiety symptomatology may be more nuanced than 
previously reported. 
My investigation of the developmental pathways from PNMS through later 
toddlerhood and early childhood contributes to the research knowledge base in several 
important ways. First, from my review in Chapter 1, it was clear that no prior study had 
examined the effects of disaster-related PNMS on early childhood-specific anxiety 
symptoms. Second, while prior research had looked at more global temperamental 
characteristics in relation to PNMS exposure, I examined associations in relation to specific 
aspects of temperament: shy-inhibited behaviors, attentional control, and negative reactive 
temperamental characteristics. Third, I examined the unique effects of varying aspects of 
PNMS on these specific characteristics and, later, anxiety symptomatology. In doing so, I 
was able to examine and identify specific behavioral phenotypes that lead to the 
development of anxiety and independently internalizing behaviors, dependent upon or 
independent of, the varying aspects of PNMS experienced. Finally, I was able to examine 
the nature of postnatal parenting behaviors in the development of anxiety symptoms, 
following PNMS exposure, an underdeveloped research area.  
This body of work directly contributes to an ever-growing international research 
effort to examine the biopsychosocial mechanisms underlying PNMS exposure. In doing 
so, it contributes to developmental psychopathology literature by informing our 
understanding of the development of anxiety symptomatology in children. Importantly, 
results across empirical studies within my thesis showcase the utility of disaster-PNMS 
study designs; the specificity of PNMS effects on childhood anxiety symptomatology may 
indeed be more nuanced and more complex than reported in studies using other 
observational PNMS designs. Therefore, we see that the journey to childhood anxiety 
symptomatology following exposure to stress in pregnancy is both multifinal and equifinal; 
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the alternative routes to internalizing behaviors and anxiety symptoms both overlap and 
vary.  
Internalizing behaviors. Greater maternal objective hardship predicted greater 
internalizing behaviors, with this association accounted in part for, by greater toddler 
negative reactivity. This finding suggests that in-utero exposure to a natural disaster may 
first render a child more reactive to distress, irritable and moody. This increased 
hypervigilance to threat and harmful situations is possibly adaptive; children who 
experience a stressful in-utero environment are programmed to adapt to ensure survival in 
what they expect to be a harmful or dangerous postnatal environment (Del Guidice, 2014). 
My results suggest that it is increased reactivity, rather than withdrawal from fearful 
situations (i.e. shy-inhibited behaviors), that are associated with the development of 
internalizing behaviors. While I did not examine the underlying mechanisms, I propose that 
objective hardship may alter fetal neurodevelopment in areas associated with emotion 
processing and regulation (e.g., amygdala, hippocampus and prefrontal cortex; Gao et al., 
2019; Rifkin-Graboi et al., 2013). Displays of negative reactivity in toddlerhood may 
directly (e.g., via expression of symptoms) or indirectly (e.g., via parenting behaviors) play 
a role in the development of internalizing behaviors in early childhood. 
Prenatal maternal stress is a unique predictor of preschool anxiety 
symptomatology. My findings suggest that greater exposure to maternal flood-related 
objective hardship (e.g., greater financial burden, housing damage, or loss due to the 
floods) increase a child’s vulnerability to experiencing more severe anxiety symptoms and 
internalizing behaviors in children at age 4. Studies that prospectively examine the nature 
of maternal reported mood or stress throughout pregnancy generally suggest that a 
mother’s emotional distress or mood due to events in pregnancy may alter fetal 
development, resulting in greater childhood and adolescent anxiety symptomatology (e.g., 
O’Donnell, Glover, Barker, et al., 2014). Yet, such studies may be confounded by 
examining long-standing maternal mood effects that exist prior to, and following, the 
pregnancy period (Kingsbury et al., 2016; Smith, 2008), as well as shared mother-child 
heritable personality traits. By examining the effects of PNMS in relation to a natural 
disaster, the study design utilized in my thesis overcomes some of the limitations inherent 
to PNMS research (e.g., maternal-child heritability confounds, assessment of enduring 
rather than pregnancy specific stress) that I addressed as issues in Chapter 1.  
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My findings demonstrate the unique utility of disaster-PNMS studies. Interestingly, 
across previous disaster studies, the nature of specific aspects of disaster-related PNMS 
seem to vary (Huizink et al., 2007; King et al., 2012). Differences are possibly due to the 
nature of the disaster, as well as the developmental stage at which anxiety was examined. 
In using this novel and unique study design, the first empirical study of this thesis 
highlights how a more nuanced understanding of the role of varying aspects of maternal 
stress in pregnancy (subjective stress, objective hardship, cognitive appraisal) is paramount 
to our understanding of the nature of PNMS effects. My findings most importantly raise 
questions as to the maternal-child biopsychosocial mechanisms through which objective 
hardship in pregnancy, rather than maternal subjective stress (the focus of much DoHAD 
research), may lead to the development of childhood anxiety.  
Timing of independent stressors in pregnancy matters. Importantly, studies using 
natural disaster designs are best placed to understand the effects of timing of exposure 
during critical periods of neurodevelopment, given that the onset of stress is known. As I 
discussed in Chapter 1, determining the timing of exposure within prenatal maternal mood 
studies is difficult, given that symptoms are generally consistent throughout pregnancy into 
the early postnatal period, and may begin prior to pregnancy. Studying the effects of an 
independent and random stressor in pregnancy on fetal development enables the 
examination of whether PNMS effects may lead to potentially differential alterations in 
later child behavior, dependent on the gestational timing of PNMS exposure. In examining 
this factor, a greater understanding of the possible developmental processes that are 
adversely affected across specific time points during gestation can be made.  
At age 4 in the current cohort (Chapters 2 and 3), a unique effect of the timing of 
gestational exposure to the floods on child anxiety symptoms was established. 
Interestingly, but in accordance with other disaster-related PNMS findings in relation to 
toddler stress reactivity (Yong Ping et al., 2015) and infant personal-social skills (Simcock 
et al., 2016), this effect was independent of the level of PNMS exposure. I hypothesize that 
biological processes associated with anxiety symptoms in ascendance during early 
gestation (e.g., differentiation of the amygdala) could be adversely affected via the indirect 
impact of exposure (e.g., sensational media coverage, community recovery involvement). 
The postnatal environment matters, but not in the way I expected it too.   
Parental control and negativity did not play a role in the development of 6-year 
anxiety symptoms. I failed to establish support for the role of an exogenous factor 
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(parenting behaviors) in the development of anxiety symptoms following PNMS exposure. 
These findings are at first surprising, given theory and research both suggest that child 
temperament–parenting interactions play a role in the development and maintenance of 
anxiety symptoms. Yet, as reviewed in Chapter 4, the specific longitudinal nature of 
parent-child interactions across early childhood, and how certain factors confer risk of 
anxiety symptoms, is an evolving area of research. Indeed, my study was one of the few 
that has examined child factors, anxiety, and parenting across multiple time points. The 
small sample size available likely impacted my ability to detect significant moderation and 
mediation pathways. Replication within larger cohorts is necessary. 
Maternal mood as a unique predictor of anxiety symptomatology. At 4 years, 
maternal trait anxiety and concurrent mood were associated with the development of 
anxiety symptoms and internalizing behaviors, respectively (Mclean et al., 2018). At 6 
years, maternal concurrent mood played a role in the development of anxiety symptoms 
(Chapter 5). The associations between concurrent mood and trait anxiety in mothers were 
considerable. It is possible that concurrent maternal mood and trait anxiety are indicative of 
a general maternal predisposition to poor maternal mental health. Together, these findings 
reemphasize the role of child genetic liability (Middeldorp et al., 2016) and the role of 
maternal mood, as two significant contributors to child anxiety symptomatology (Goodman 
et al., 2011). While I did not empirically test this, it is possible that the symptoms of PNMS 
endure throughout the early postnatal period and mediate the effects of PNMS on child 
anxiety development (Barker et al., 2011). Crucially, the significant contributions of these 
maternal factors on the development of anxiety symptomatology further reiterates my 
sentiment from Chapter 1: prenatal maternal distress effects are best examined within 
quasi-experimental and/or genetically sensitive research designs. 
For anxiety symptoms, vulnerability markers vary across development. The effect 
of PNMS on childhood anxiety symptoms at age 4 was not present when assessed at age 6. 
At 4 years, earlier gestational exposure to the floods predicted greater anxiety symptoms; 
this was no longer the case at 6 years. PNMS exposure did not lead to elevated anxiety 
symptoms via alterations to 16- or 30-month temperamental shy-inhibited behaviors. 
Unlike at 16 months, where no PNMS effect was established, exposure to maternal 
subjective stress in pregnancy predicted less shy-inhibited displays at 30 months. Finally, at 
16 months, greater shy-inhibited behaviors predicted greater anxiety in the children at 4 
years, independent of the unique effect of PNMS, suggesting possible additive effects of 
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vulnerability factors. A similar pathway from 30-month temperament to anxiety at 6 years 
was not established.  
My findings would suggest that PNMS effects present during early toddlerhood 
(shy-inhibited behaviors) and childhood (anxiety) are not stable across early development. 
It remains an open question as to why PNMS was a risk factor at 4 years, but not 6 years, 
within the current cohort. Effects may have been mitigated via parenting behaviors found 
to attenuate the development of behavioral inhibition and anxiety, including greater 
maternal sensitivity (Voort et al., 2014) or challenging behaviors (including exposure to 
safe risk environments; R. S. Lazarus et al., 2016). Non-shared environmental factors (e.g., 
socialization with peers) may play a larger role when the child is in schooling. Whether the 
negative PNMS effects on anxiety evident at 4 but not 6 years re-emerge in sensitive 
periods for mental health later in development, such as early adolescence, is yet to be 
determined.  
Indeed, developmental pathways to disorder may vary in their trajectories, due to 
the life-span nature of fetal programming and the occurrence of anxiety symptomatology 
(Kleven & Bellinger, 2015). While prenatal insults may lead to acute deficits evident soon 
after birth, as is potentially the case when considering negative reactivity outcomes in the 
current sample, it is also possible that the emergence of ‘degeneration’ may occur slowly 
across development (slow progressive trajectory). Alternatively, insults first evident at birth 
(e.g., low birth weight) may be typically followed by a long period of apparent ‘recovery’ 
and deficits that emerge only after a secondary insult (e.g., trauma, peer-socialization) later 
in development (termed ‘silent vulnerability pathway’). My finding that PNMS effects on 
shy-inhibited behaviors emerge later in development could be best described as slow 
emergence. It is perhaps the case that my transient findings, with respect to anxiety 
symptoms, represent a ‘silent vulnerability’ that will become more evident in later 
childhood or adolescence. Further research is needed to tease apart such developmental 
trajectories. Research is still yet to understand the longevity of PNMS effects, with studies 
suggesting risk may unfold as development continues (Robinson et al., 2008; Tearne et al., 
2015), increase across development (King et al., 2012) or dissipate across early childhood 
(e.g., Moss et al., 2018). As I will discuss below, when considering avenues of future 
research, my findings encourage the use of longitudinal modelling of PNMS effects, as 
well as investigating the biopsychosocial mechanisms underlying these associations.  
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In line with prior work (Edwards, Rapee, & Kennedy, 2010; Paulus et al., 2015; 
Sanson et al., 2008), independent of PNMS effects, 16-month shy-inhibited behaviors was 
associated with greater anxiety symptoms at 4 years. However, this association was not true 
when examining 30-month shy-inhibited behaviors and 6-year anxiety symptoms. Future 
research may need to examine the stability of temperamental profiles associated with 
anxiety to best assess who is at risk of experiencing symptoms (Clauss & Blackford, 2012). 
In the case of anxiety symptoms, there may be many pathways to the same outcome 
(equifinality), with future research needed to understand the possibly physiological (e.g., 
HPA-axis dysregulation) mechanisms that may underlie the effects of objective hardship on 
anxiety symptom development. 
Boys and girls: Sex differences later in development? As discussed iteratively 
throughout this thesis, understanding whether the sex of the infant influences the nature of 
PNMS effects on fetal neurodevelopment is an ongoing and important area of work. 
Identification of sex differences in response to PNMS are alluring. They are likely to help 
PNMS researchers understand the biological processes underlying fetal programming (e.g., 
differences in placental functioning; Clifton, 2010). From a developmental 
psychopathology perspective, they may aid the discussion of differential prevalence for 
emotional and behavioral outcomes in boys and girls most consistently evident in later 
adolescence. Contrary to prior work (Braithwaite et al., 2017; E. P. Davis & Sandman, 
2012), I failed to establish sex-differences in PNMS effects across all three empirical 
studies. It is likely that sex differences may become more consistently apparent in 
adolescence, where differences in anxiety symptomatology are more consistently identified 
(Humphreys, Schouboe, et al., 2018). Differences in HPA-axis functioning, thought to 
underlie PNMS effects on early temperament and anxiety, are dependent upon sex 
hormones and generally arise in puberty (Juster et al., 2016), with limited research in early 
childhood (Hollanders, van der Voorn, Rotteveel, & Finken, 2017). Inconsistent findings 
across the literature, suggest that much more work is needed to understand the nature of 
sex-differences, as well as the timing of exposure effects previously mentioned (Goldstein, 
2019).   
Summary. By examining the effects of PNMS in relation to a natural disaster, my 
thesis adds several novel insights to a currently exploding research area fraught with 
methodological limitations. The effects of PNMS on 16-month temperamental negative 
reactivity and childhood anxiety symptoms as early as 4 years are unique to the prenatal 
145 
 
 
period, given that every mother and child included in the current cohort were affected at 
some stage during pregnancy (gestation). Effects pertinent to preschool anxiety 
symptomatology are independent of how a mother responds to the event and, rather, are 
due to the level of hardship that a pregnant woman may experience in response to an 
independent stressor, as well as potentially the timing of exposure to the stressor in 
pregnancy. The findings I have established here are therefore independent of maternal-
child heritability factors and other co-occurring risk factors, given the 2011 Queensland 
floods unexpectedly affected pregnant women of all ages, education, personality traits and 
ethnic backgrounds.  The identified vulnerability factor was transient in nature,. further 
emphasizing the possibly nuanced relationship between PNMS and childhood anxiety 
symptomatology.  
“Is prenatal maternal distress a risk factor for childhood anxiety?” I initially asked. 
My response is less straightforward than initially anticipated. From my findings there are 
many exciting avenues for future research to take in understanding the nature of PNMS 
effects on childhood anxiety symptomatology across time. One thing is clear: it is 
imperative that studies attempt to examine the unique effects of varying types of maternal 
stress experienced during pregnancy and a natural disaster PNMS study design attempts to 
do just that.  
Thesis Limitations 
 The limitations of each empirical study have been acknowledged. However, there 
are some general limitations that should be considered when interpreting findings and may 
help shape future research, particularly in disaster-related PNMS cohorts.  
Sample size. The modest sample size across empirical studies may have limited my 
ability to detect true effect sizes. This is, in part, due to the enormity of recruiting 
participants in the wake of a natural disaster without funding. Importantly, in my final 
empirical study, my ability to find significant effects was likely impacted by the reduced 
sample size, given complete cases were required to have completed four waves of data 
collection (recruitment, 30 months, 4 years, and 6 years). While the QF2011 has had 
excellent retention from pregnancy through to 6 years, as is common in longitudinal 
studies, participants may have been available to participate in one developmental 
assessment wave, but not others. The size of the sample limited my ability to hypothesize 
and comprehensively test the multiple pathways proposed in my conceptual model of 
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anxiety development (Figure 4.1) via statistically advanced methods (e.g., structural 
equation modelling).  
 Data collected. My thesis was conducted within a larger project: QF2011 
Queensland Flood Study. Developmental assessment protocols included measurement of 
many aspects of child behavior and neurodevelopment (King et al., 2015). Also, various 
mother-child interaction tasks were assessed at 16 months, 30 months and 4 years, with the 
aim of examining various parenting behaviors and styles. Only at 4 years was a challenging 
task available to examine parenting behaviors commonly used in anxiety research 
(involvement and negativity). This limited my ability to perform advanced statistical 
modelling as to the bi-directional nature of the mother-child interactions across toddlerhood 
and early childhood. Finally, data examining internalizing behaviors as rated by mothers or 
teachers at 6 years was not available. Therefore, I was unable to examine the development 
of internalizing behaviors across early childhood as I did with anxiety symptoms.  
Generalizability. Epidemiological data regarding the broader population of women 
pregnant at the time of the floods was not collected. This was in part due to the widespread 
nature of the floods across the state of Queensland: it is difficult to consider who is 
included in the target population. Further, natural disaster studies are inherently difficult to 
commence, with few ‘men on the ground’ and funding resources at the time. It is therefore 
difficult for the QF2011 Queensland Flood study and, in turn myself, to conclusively say 
that the cohort and associated findings would be generalizeable to the broader population. 
The QF2011 Queensland Flood cohort was a homogenous sample in terms of cultural 
background and socio-economic status. My participants were mostly Caucasian, well-
educated, and economically well-resourced. This was advantageous in that the influence of 
these co-occurring risk factors could be limited. However, such a cohort limits one’s ability 
to generalize my findings to families with less economic resources and varied backgrounds 
who were affected by the 2011 disaster as well as other disasters of a similar nature. As is 
the case in broader disaster research, communities from lower socio-economic backgrounds 
are the most difficult participants to recruit given their pressing circumstances. They are 
also more likely to drop out in subsequent assessment waves. It is important that future 
research endeavors to examine PNMS associations in more socially and ethnically diverse 
samples and collect epidemiological data on the target population at the time of 
recruitment.  
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Maternal reports. The use of maternal report throughout for measures of anxiety 
symptoms and child temperament could represent a limitation of the current work. 
Maternal reports of child anxiety symptoms have been well validated (Spence et al., 2001). 
The temperament questionnaire is validated for Australian normed samples (Letcher et al., 
2012; A Sanson et al., 1996). Ideally, in future studies, the validated observational measure 
of behavioral inhibition described by (Kagan et al., 1999) would be examined, rather than 
relying on maternal reporting. Future studies may also look to examine anxiety symptoms 
via observation of child behavior (Asbrand et al., 2017). Unfortunately, there are few well-
validated observational measures of childhood anxiety. Recently, Hudson has developed a 
child behavior coding scheme to compliment the parenting behavior coding scheme used in 
my thesis (Asbrand et al., 2017). Alternatively, during early childhood, novel, reliable, 
cost- and time-effective approaches could be used, including measuring fear-related motion 
responses via wearable sensors (McGinnis et al., 2018). Clinical diagnostic interviews 
(ADIS-C/P) during later childhood could be used to assess child anxiety diagnosis and 
severity. In the case of the current cohort, administration of interviews may prove to have 
little reward, given that the community sample displayed largely normative levels of 
anxiety symptoms.  
The timing of stress exposure. The timing of exposure in relation to an 
independent stressor during pregnancy is one clear advantage of the natural disaster design. 
However, we did not reassess the women at multiple time points throughout pregnancy. 
Therefore, the enduring effects of the various aspects of stress experienced were not able to 
be accounted for when considering child outcomes. It is important to consider that women 
exposed early in pregnancy to the disaster experienced distress across a longer period in 
pregnancy, which may impact fetal development. This is again a limitation inherent to the 
natural disaster design: in the wake of a natural disaster it is difficult to recruit women 
quickly and reassess women’s stress throughout pregnancy and the perinatal period.  
Future Research  
Understanding the longitudinal trajectories of PNMS effects on childhood 
temperament and anxiety. Findings throughout my thesis, as well as findings from the 
QF2011 Queensland Flood Study (Moss et al., 2018; Simcock et al., 2016) and Project 
Icestorm (King et al., 2012), suggest that the effects of PNMS on child development vary 
with age. An understanding of the nature of PNMS effects on anxiety across early 
development is clearly important. The role of parenting behaviors that are likely to buffer 
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PNMS effects (e.g., maternal sensitivity; Austin et al., 2017), as well as the role of maternal 
mood (as highlighted in Chapter 5 of my thesis), should be included in developmental 
models. If there are critical points for intervention, these need to be identified.  
Maternal-child interactions. Importantly, research should look to further test 
pathways hypothesized within the conceptual model I proposed in Chapter 4. Such research 
will allow a greater understanding of the nature of mother-child interactions, independent 
of, and in the face of, PNMS exposure. While obtaining access to longitudinal rich datasets 
is complex, and the statistical analyses associated are perhaps even more complex, I believe 
the benefits outweigh the costs. PNMS prospective-longitudinally tracked cohorts may 
allow us the ability to examine longitudinal models, with an added, critical focus on the 
prenatal period.  
Interactive effects, independent of and in the face of, PNMS exposure. The nature of 
interactions and the effects of these interactions between a “prenatally-programmed” child 
and their shared-postnatal environment needs to be further explored. Whether PNMS-
programming is a diathesis or a plasticity factor in the development of child outcomes 
broadly will surely promote interesting discussion in the field (see Hartman & Belsky, 
2018).  
Bidirectional relationships, independent of and in the face of, PNMS exposure. 
More studies examining bi-directional relationships, in the face of, or independent of 
PNMS exposure are needed. Importantly, whether ‘anxiety maintaining’ parenting 
behaviors are altered via PNMS-programming and/or the longitudinal effects of maternal 
mood on parenting behaviors (Henrichs et al., 2019) is an interesting and novel area of 
research. Whether and how the interaction of PNMS-programming of both mother and 
child may lead, in a cyclic fashion to the development of anxiety symptomatology across 
childhood is unknown.  
Future research should look to use advanced statistical models, including structural 
equation models, to understand the bi-directional nature of mother-child effects in the 
development of symptoms. Models examining the stability and/or change in temperament 
and anxiety-maintaining parenting behaviors over time, and examining their bi-directional 
relationships and interactions using observational and clinical diagnostic data, would 
greatly assist our understanding of this dynamic relationship, as a predictor of anxiety. 
Investigators could test the direction of mother-child effects across sequential tasks within 
a laboratory experiment, while controlling for previous or initial behavioral and 
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physiological markers. The assessment of constructs using multiple modalities across 
multiple levels of analysis (e.g., biological, psychological and social) may also improve the 
methodological rigor and validity of studies across fields.  
Maternal mood. Of interest, given findings in the final empirical paper of my thesis 
(Chapter 5) and the research reviewed in Chapter 4, the role of maternal mood following 
PNMS exposure in the development of early childhood anxiety could be further explored. 
Across empirical studies, I establish a positive association between trait- and state-like 
maternal mood and childhood anxiety symptoms. This follows a large body of research that 
suggests maternal mood plays a role in the development of internalizing problems and 
anxiety symptoms (S. H. Goodman et al., 2011; Schreier et al., 2008). Indeed, maternal 
trait anxiety played a role in anxiety symptoms at 4 years, while maternal concurrent mood 
predicted internalizing behaviors at 4 years (current thesis) and anxiety symptoms at 6 
years (current thesis). Findings across QF2011 studies also suggest maternal postnatal 
mood may impact child behavior problems directly or indirectly via PNMS exposure 
(Lequertier, 2018; Simcock et al., 2017).  
Genetic phenotypes. As reviewed briefly in Chapter 1, candidate-gene studies are not 
without limitations. However, examination of the role of genetic phenotypes may help 
researchers further understand: 1) who is most vulnerable to PNMS exposure; and 2) the 
nature of mother-child interactions following PNMS exposure. 
Several large-scale cohort studies suggest that the role of PNMS may be dependent 
upon genetic factors, including the 5-HTTPLR polymorphism of the serotonin transporter 
gene and brain-derived neurotrophic factor (BDNF; O’Donnell, Glover, Holbrook, et al., 
2014) gene on both temperamental characteristics. Yet, as I report in Chapter 1, findings 
are mixed. Genetic moderation of the effects of PNMS on child anxiety symptomatology in 
relation to a natural disaster in pregnancy has not been assessed.  In addition, further 
understanding of maternal-child interactions and support for alternate developmental 
theoretical models (diathesis-stress, differential susceptibility) could be gained by 
investigating genetic phenotypic markers of ‘vulnerability’ or ‘susceptibility’ (M. Davis et 
al., 2017; Rabinowitz & Drabick, 2017).  
HPA-axis functioning. I examined behavioral markers that may be altered via fetal 
programming and may subsequently interact with the postnatal environment in the 
development of anxiety. Alternatively, PNMS effects on anxiety development may first be 
evident via physiological mechanisms including the HPA-axis functioning (Yong Ping et 
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al., 2015). Programming effects on physiological and behavioral indices of ‘risk’ do not 
necessarily overlap (Davis et al., 2011). Further, physiological, genetic, and behavioral 
factors are unique within-individual vulnerability factors and interact differentially with 
aspects of the shared environment in the development of anxiety (Barrios, Bufferd, Klein, 
& Dougherty, 2017; Shackman et al., 2013) O’Dougherty, 2017). The investigation of bio-
behavioral markers of fetal programming that may interact with the shared environment in 
the development of later mental health problems is a promising research area (Hartman & 
Belsky 2018).  
The role of fathers. Research within large prospective longitudinal studies suggests 
that paternal mood during pregnancy plays an independent role in the development of 
internalizing behaviors (Paul G. Ramchandani et al., 2008), as well as paternal parenting 
stress and mood in the early postnatal environment (Ramchandani & Psychogiou, 2009; 
Skjothaug, Smith, Wentzel‐Larsen, & Moe, 2018). As I argue in Chapter 1, inclusion of 
paternal mood or stress in pregnancy may provide a more genetically-sensitive design for 
testing prenatal programming influences (McLean, Cobham, & Simcock, 2018). Moreover, 
a meta-analysis of the role of parenting behaviors in the development of childhood anxiety 
suggests paternal behaviors may contribute more to anxiety symptoms than maternal 
behaviors (Möller et al., 2016). As with the majority of PNMS cohorts, the QF2011 study 
collected limited information on fathers and did not assess paternal prenatal stress or father-
child interactions. More recent disaster-related PNMS studies initiated by members of the 
QF2011 research team are collecting paternal stress measures throughout development 
(Suzanne King, personal communication January 20, 2019). 
Objective versus subjective PNMS: Maternal-child mechanisms. Future research 
should look to understand the biological mechanisms underlying the development of 
anxiety following PNMS. Given that my findings suggest that the effects of objective and 
subjective maternal stress may lead to differential outcomes for the child, it is important to 
consider how the currently proposed maternal-child biological mechanisms (discussed 
largely in Chapter 1 and 2) may vary dependent on the type of PNMS exposure.  
Research from the QF2011 Queensland Flood study has found maternal dietary 
changes to mediate the effects of objective hardship, but not subjective stress, on birth 
outcomes (Dancause et al., 2016). Other natural disaster-related PNMS studies suggest the 
involvement of epigenetic mechanisms (Cao-Lei et al., 2016). In line with the theoretical 
models of stress (Lazarus & Folkman, 1984), Moss et al. (2018, 2017) established a 
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cascade of PNMS effects due to the Queensland floods. The studies showed that greater 
objective hardship may lead to experiences of heightened subjective maternal stress during 
pregnancy prior to alterations in motor development across toddlerhood (Moss et al., 2018, 
2017). I did not test this model, examination of this disaster-related stress-response cascade 
in relation to anxiety symptomatology may help unpack how objective hardship impacts 
symptom development and who needs help. My findings, therefore, highlight the 
importance for research to continue to examine how varying aspects of PNMS may each 
uniquely or sequentially lead to alterations in child outcomes. 
Clinical Implications of Research 
Findings from my thesis identify three potential points of intervention for the 
development of anxiety symptomatology following in-utero exposure to a natural disaster.   
Public awareness as to the intergenerational effects of natural disasters. I note 
that my research adds to an ever-growing body of literature which establishes prenatal 
stress as a vulnerability factor for adverse child outcomes (Van den Berg et al., 2017). 
Therefore, while the current studies may not specifically establish PNMS as a consistent 
predictor of childhood anxiety, PNMS more generally is thought to be a vulnerability factor 
that could benefit from public awareness. This is particularly important, given that the 
effect of PNMS on childhood anxiety symptomatology at 4 years, as well as temperament 
at 16 months was specific to the level of objective hardship rather than a woman’s 
psychological distress. Contrary to other research, findings from my PhD suggests that 
screening for distress following a disaster may not capture women (and children) in need of 
prevention.   
Taken in conjunction with other findings from the QF2011 cohort (namely, 
Simcock et al., 2017; Lequertier et al., 2019) as well as other disaster studies (King et al., 
2012) promoting public awareness of the impact of in-utero natural disaster exposure on 
child social and emotional functioning is a possible avenue for early prevention of what 
may be, enduring effects on the child’s development. Dindings from Project IceStorm 
(King et al., 2012) discussed in Chapters 1 and 2 of my thesis suggest that the effects of 
PNMS may increase across child age, through to adolescence. Following the continued 
investigation of the development of anxiety symptomatology in the current cohort through 
to adolescence, similar findings would reiterate the importance of early intervention. 
Indeed, findings from the QF2011 Queensland Flood study are particularly important from 
a public awareness and policy perspective, given that natural disasters and extreme weather 
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events are becoming more prevalent in the Asia Pacific region (Red Cross, 2018). Pregnant 
women need to be prepared to seek screening (for post-traumatic stress symptoms) and 
support (regardless of distress symptoms) following exposure to a natural disaster. 
Understanding how best to help pregnant women in the face of a natural disaster will also 
help with the transfer of empirical knowledge to the public. Practical, easy to roll-out 
strategies that may help women at a time when life is in disarray (e.g., job uncertainty, 
housing relocation) will provide a positive message to women, rather than causing fear 
over the effects of events that are uncontrollable.  
Prenatal screening and support for pregnant women in the wake of a natural 
disaster. My research highlights the need to help women who have experienced large-scale 
stressors, such as natural disasters, during pregnancy. Identification of women experiencing 
perinatal mental health problems or those who experience independent stressors, such as 
natural disasters should be improved (Littlewood et al., 2018).  
Importantly, exposure to objective hardship in pregnancy was the most consistent 
predictor of child emotional and behavioral outcomes within my thesis. As I have reiterated 
throughout the empirical papers of my thesis, it is important to understand how we can best 
help pregnant women who have experienced stressors, regardless of how they may 
psychologically respond to that stressor. Within the current cohort, we found that 
experiencing continuity of a midwifery carer across the perinatal period buffered the 
negative effects of prenatal maternal objective hardship and subjective stress caused by the 
2011 Queensland Floods on maternal postnatal 6-week anxiety and depression (Kildea et 
al., 2017) and may improve infant neurodevelopmental outcomes at 6 months (Simcock et 
al., 2018). A greater understanding of the specific treatments that may be most efficacious 
for varied experiences of disaster-related PNMS is needed. A new disaster-cohort led by 
QF2011 Chief Investigator, Professor Suzanne King, is looking to understand how 
maternal reflective diary writing during pregnancy may improve maternal and child 
outcomes in response to Hurricane Harvey in Texas, USA (2017), as well as the 2016 Fort 
Macquarie Fires (Calgaary, Canada). 
I did, however, also find that maternal subjective stress in pregnancy was associated 
with decreased fearfulness, which, I argue, could lead to the development of externalizing 
behaviors (Humphreys et al., 2018). Of note, relationship-based psychotherapeutic 
interventions are particularly vital in the context of stress and trauma (Julian, Lawler & 
Rosenblum 2017). In other work, van den Heuvel, Johannes, Henrichs, & Van den Bergh 
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(2015) established a mediational model whereby greater trait-mindfulness during 
pregnancy improved child reactivity by lowering maternal anxiety. Infant behavior has also 
been found to benefit directly from yoga during pregnancy (Chan, 2014). A recent 
systematic review suggests moderate to large reductions in pregnancy anxiety and stress, as 
well as increased mindfulness, following mindfulness-based interventions compared to 
controls (including online and face-to-face mindfulness-based cognitive therapy, integrated 
mindfulness yoga practices, and mindfulness-based stress reduction), yet improvements in 
depressive symptoms were less consistent (Shi & MacBeth, 2017). 
More research as to which specific treatments are most efficacious for the treatment 
of PNMS and the improvement of child outcomes is needed (Glover, 2014). A greater 
understanding of who experiences the most hardship from exposure to a natural disaster, as 
well as how this aspect of PNMS affects both mother and child, will aid the development of 
public policy strategies and interventions. I apply Thapar and Rutter’s (2009) sentiments 
regarding caution around assuming causation from an association between prenatal risk 
factors and outcomes more broadly. Treatment of anxiety symptomatology via reduction in 
maternal pregnancy distress will only be effective if the associations are indeed causal. 
Given the mixed findings for PNMS effects across developmental age groups and child 
behaviors across empirical studies, we are hesitant to assume causality and, instead, 
promote the replicability of my findings. Indeed, as we have argued elsewhere, “while we 
support the promotion of efforts to mitigate child anxiety outcomes in utero, the limitations 
of assuming causation from current association should be kept in mind when formulating 
clinical guidance on the management of stress during pregnancy and early childhood 
treatment of at-risk children.” (pp. 217; McLean, Cobham & Simcock, 2018).  
Toddlerhood.  My findings, in line with prior research in developmental 
psychopathology, suggest two target populations for intervention: those who experience 
negative reactivity and those who display shy-inhibited temperaments during early 
toddlerhood. Treatments for the former are particularly pertinent to children who 
experience PNMS. Few studies have attempted to modify early shy-inhibited style 
temperament behaviors (Ryan & Ollendick, 2018), with one study suggesting no change in 
behavioral inhibition in 3- to 4-year-olds following intervention (Rapee, Kennedy, Ingram, 
Edwards, & Sweeney, 2005).  
More promising, however, is the modification of early self-regulation capacities. 
While I failed to establish the role of attentional control in the development of anxiety 
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and/or internalizing behaviors, therapeutic interventions for children experiencing anxiety 
symptoms address biases in attention to threat (e.g., Attention Bias Modification Treatment 
and Cognitive Behavioral Therapy; Lowther & Newman, 2014). Programs aiming to foster 
social competence and adjustment have seen improvements in self-regulation strategies, 
including aspects of attention shifting and task orientation (attentional control) in early 
childhood (Domitrovich et al., 2007), preschoolers and pre-kindergarteners (Izard et al., 
2008). Targeting of similar programs in infancy and toddlerhood to this at-risk population 
may help buffer the long-term effects of PNMS on adjustment by promoting resiliency in 
negatively reactive toddlers. Developing interventions for early childhood regulation 
strategies may be even more important in the early years, given that younger children do 
not have the cognitive and social resources that help older children cope with stress (Cole, 
Luby, Sullivan, 2008).  
Parent-focused interventions for temperamentally at-risk children, as well as 
those experiencing anxiety. Despite debate (of which my thesis contributes to) regarding 
the magnitude (Möller et al., 2016) and nature (Ryan & Ollendick, 2018) of parenting as an 
etiological factor in the development of anxiety, parenting is of interest as an 
environmental factor targeted during childhood anxiety treatment, due to its potential 
malleability (Gouze et al., 2017). Acting as a buffer, parental encouragement of children to 
go beyond their limits, involving active physical and verbal behaviors, has been found to be 
associated with fewer anxiety symptoms (R. Lazarus et al., 2016; Majdandžić et al., 2018). 
Parent-focused interventions have been found to attenuate the development and/or 
maintenance of anxiety symptoms by modifying negative and ineffective parenting 
behaviors (e.g., over-protection) and parental modelling (Cobham et al., 2017; R. Thomas 
& Zimmer-Gembeck, 2007; Yap et al., 2016). A brief parent-focused intervention for 
preschool-aged children with high levels of behavioral inhibition and a parent experiencing 
an anxiety disorder improved anxiety and behavioral inhibition in the children (Kennedy, 
Rapee, & Edwards, 2009). Modified parenting behaviors may indirectly alter 
temperamental traits and anxiety, due to the (potentially) transactional relationship between 
parent and child factors, although this is yet to be examined in temperamentally at-risk 
youth (Ryan & Ollendick, 2018). Moreover, Ryan and Ollendick (2018) suggest that 
intervention trials could indeed be one way to thoroughly examine the nature of parent-
child interactions across early development, in temperamentally at-risk children. When 
considering the development of preschool anxiety symptomatology due to disaster-related 
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PNMS exposure, it may be important for parenting interventions to target this specific 
population.  
Finally, I note that my findings should be replicated, with the enduring effects of 
PNMS across development best investigated first, prior to the implementation of such 
clinical and public prevention and treatment strategies. 
Overall Conclusions 
And so, at the end of this thesis, I return to where I began by asking the question: 
“Is prenatal maternal distress a risk factor for anxiety?”. My findings have elucidated 
various pathways for the development of anxiety symptomatology in a cohort of children 
exposed to disaster-related PNMS. Against conventional wisdom, I suggest that it is the 
extent of hardship experienced by pregnant women due to random external environmental 
events that could be of greatest public health concern for early child anxiety development.  
This sentiment is reinforced by the current global disaster climate. As the literature 
in this field explodes, so too does the occurrence of natural disasters. During this summer 
alone in Australia, bushfires have raged across most of eastern Australia; in Queensland, 
Victoria, and Tasmania. Only a month ago, north-west Queensland experienced floods 
killing 500 000 cattle with previously drought-stricken farmers now under even more 
severe financial stress (Smee, 2019a). The town of Townsville was hit with flood levels 
greater than a one in 500-year event, affecting 90 000 homes (Smee, 2019b). The further 
development of research investigating the effects of disasters in pregnancy has the clear 
potential of benefiting young people and their mothers. 
As with every great program of scientific research, in attempting to answer one 
overarching question, my findings led me to develop and ponder many more. I argue that 
the cross-fertilization of ideas from PNMS research to developmental psychopathology, 
and vice versa, has led to a more fruitful understanding of the development of anxiety. 
Cumulatively, my findings reiterate the importance of continuing to examine the nature of, 
and the mechanisms underlying, disaster-related PNMS aspects: internalizing and anxiety 
symptom links within longitudinal cohorts. By applying DoHAD research to research on 
the developmental psychopathology of anxiety, science will move more efficiently towards 
a more global understanding of the development of childhood anxiety. A greater 
understanding of the possible unique, additive, interactive, and sequential roles of 
psychosocial factors predictive of anxiety development is at the heart of understanding 
unique intervention points for the development of anxiety symptoms. 
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Appendix E: Questions and Scoring of the Queensland Flood Objective Stress Scale (QFOSS) 
  Variable name Variable Label score Value label 
Scope 
1 BackHomeDY 
Were you unable to get to your home? If 
yes, for how many DAYS? 5 
0="Didn't leave home", 1='less than a day', 2='2 days', 3='3-4 
days', 4='5-6 days', 5='7-16 days' 
2 LeaveHome 
Did the authorities advise you to leave 
your home because of the flooding? 2 
0='No', 2='Yes' 
3 LeaveHomeDY 
How many days did you ever leave your 
home because of the flooding? 10 
0="Didn't leave", 1='Less than half a day', 2='1-4 days', 3='5-
8 days', 4='9-16 days', 5='21 days', 7='63 days', 8='79-83 
days', 9='100-171 days', 10='249-364 days' 
4 CircleDamage 
How many people in your circle of 
family and friends had their home 
damaged because of the flooding? 4 
0='Null', 1='1-5 ppl', 2='6-10 ppl', 3='11-20 ppl', 4='21-41 
ppl'. 
5 Electricity 
How many days did you lose electricity 
because of the flooding? 6 
0='No lose', 1=' Less than a day', 2='1-3 days', 3='4-7 days', 
4='8-14 days', 5='15-21 days', 6='22-210 days' 
6 HomePhone 
How many days did you lose Home 
phone service because of the flooding? 3 
0='No lose', 1=' Less than 2 days', 2='2-6 days', 3='7-180 
days' 
7 Internet 
How many days did you lose internet 
service because of the flooding? 2 
0='No lose', 1='Less than a week', 2='More than a week' 
8 Mobile 
How many days did you lose mobile 
service because of the flooding? 3 
0='No lose or less than a day', 1='1 day', 2='2-3 days', 3='4-5 
days' 
9 Petrol 
How many days did you lose access to 
petrol because of the flooding? 2 
0='No lose', 1='Less than a week', 2='More than a week' 
10 DrinkableWater 
How many days did you lose drinkable 
water supply because of the flooding? 5 
0='No lose', 1='Less than 2 days', 2='3-4 days', 3='5-8 days', 
4='14 days', 5='60-70 days' 
11 Rubbish 
How many days did you rubbish 
collection because of the flooding? 2 
0='No lose', 1='Less than 2 weeks', 2='more than 2 weeks' 
12 Community 
To what extent was your immediate 
community changed because of the 
flooding? 6 
1='A little',  0="Not at all", 2='Somewhat', 4='A lot', 6='To a 
great extent' 
total     50  
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Change 
1 ChangeHome 
How many times were you required to 
change home because of the flood? 6 
0="None", 1='Once', 2='Twice', 4='3 times', 6='4 times' 
2 NewHome 
Have you moved into a new permanent 
home because of the flood? 3 
3='Yes', 0='No' 
3 HouseAdult 
How many adults did you house in your 
home during the flooding? How many 
days? 4 
0='No', 1='ppl # * Days: less than 7', 2='ppl # * Days: 8 -14', 
3='ppl # * Days: 15-30', 4='ppl # * Days: 31-720'. 
4 HouseChild 
How many children did you house in 
your home during the flooding? How 
many days? 4 
0='No', 1='ppl # * Days: less than 7', 2='ppl # * Days: 8 -14', 
3='ppl # * Days: 30-60', 4='ppl # * Days: 61-72' 
5 WorkPlaceDamage 
Was your place of work, or the company 
for whom you work, damaged by the 
flooding? 1 
0='No, not damaged' 1 'Yes, damaged' 
6 WorkHour 
Did you experience a change in your 
work hours because of the flooding? 1 
0='Same overall number of hours and my schedule stayed the 
same', 1='schedule changed, or change in work hours' 
7 WorkHourp 
Did your partner experience a change in 
work hours because of the flooding? 1 
0='No', 1='Yes' 
8 LaidOffDY 
Were you temporarily laid off from your 
job because of the flooding? How 
MANY DAYS? 2 
0 =NA', 1='Less than 7 days', 2='7-14 days' 
9 LaidOffDYP 
Were your partner temporarily laid off 
from your job because of the flooding? 
How MANY DAYS? 1 
0='NA', 1='1-60 days or Still not returned' 
 
10 LoseJob 
Did you lose your job permanently 
because of the flooding? 5 
0='No', 5='Yes' 
11 LoseJobP 
Did your partner lose their job 
permanently because of the flood? 3 
0='No', 3='Yes' 
12 PartnerSeparate 
How many days were you separated from 
only your partner? 5 
0='NA', 1='1-2 days', 2='5-7 days', 3='10 days', 4='21 days', 
5='30 days'. 
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13 OtherSeparate 
How many days were you separated from 
other member(s) of your household? 2 
0='NA', 1='1-7 days', 2='21 days' 
14 PhysicalActivity 
Did you experience a change in your 
level of physical activity because of the 
flooding? 1 
0='No', 1='Yes' 
15 CommuteTime 
Did you experience a change in your 
commuting times (in minute) because of 
the flooding?  2 
-1='Shorter',  0='NA', 1='Longer, Less than 60 mins', 
2='Longer, more than 60 mins' 
16 AntenatalCare 
Did you experience difficulty in 
accessing antenatal care because of the 
flooding? 1 
0='No', 1='Yes' 
17 BrithPlan 
Did you make any changes to your birth 
plan because of the flooding? 1 
0='No', 1='Yes' 
18 PostnatalCare 
Did you experience difficulty in 
accessing postnatal care because of the 
flooding? 1 
0='No', 1='Yes' 
19 DietBackNormal 
If you experience a change in your diet 
due to flooding, when did your diet 
return to 'normal'? 2 
0='No change', 1='After 1-7 days', 2='After more than one 
week' 
20 CareOutsideLevel 
If you were responsible for the care of 
anybody outside of your immediate 
household during the flooding, did your 
level of care for these people change 
because of the flooding? 4 
0='No change to my level of care', 1= 'Yes - my level of care 
for these people increase, house 1-2 ppl' , 2='Yes - my level 
of care for these people increase, house 3-4 ppl' , 3='Yes - my 
level of care for these people increase, house 12 ppl',  4='Yes 
- my level of care for these people increase, house 30 ppl' 
total      50  
Loss 
1 InsurVSPrimaryHome Primary home damage VS insurance 8 
0='Untouched by the flooding',  2='Damaged but able to live 
there, has insurance', 
4='Damaged but able to live there, no insurance OR Totally 
destroyed, has insurance', 3='Damaged and unable to live 
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there, has insurance', 6='Damaged and unable to live there, 
no insurance', 8='Totally destroyed, no insurance' 
2 InsurVS2ndHome Second home damage VS insurance 5 
0='Untouched by the flooding', 1='Damaged but able to live 
there, has insurance', 2='Damaged but able to live there, no 
insurance OR Damaged and unable to live there, has 
insurance', 3='Totally destroyed, has insurance',  4='Damaged 
and unable to live there, no insurance', 5='Totally destroyed, 
no insurance' 
3 InsurVSVehicle Vehicle dmaage VS insurance 3 
0='No damage', 1='Slightly damaged, no insurance OR 
moderately damage, has insurance', 2='Moderately damaged, 
no insurance OR total loss, has insurance' , 3='Total loss, no 
insurance' 
4 InsurVSMaterialLoss Material loss and damage VS insurance 8 
0='Loss $0', 1='Loss up to $100 OR  Loss $101-$1000, 100% 
covered', 2 'Loss $1001-$10,000, 100% covered OR Loss 
$101-$1000, less than 50% covered', 3='Loss $1001-$10,000, 
less than 50% covered', 4='Loss $10,001-$100,000, 100% 
covered', 5='Loss $10,001-$100,000, 25-50% covered OR 
Loss $100,001-$200,000, 100% covered', 6='Loss $10,001-
$100,000, 25-50% covered OR Loss $100,001-$200,000, 
100% covered', 7='Loss $100,001-$100,000, less than 10% 
covered OR Loss more than $200,000, 25-50% covered', 
8='Loss more than $200,000, less than 10% covered'  
5 InsurVSBusiLoss Personal business loss VS insurance 8 
0='No personal business', 2='Loss $101-$1000, no insurance', 
3='Loss $1001-$10,000, no insurance' 
6 InsurVSBusiLossP 
Partner's personal business loss VS 
insurance 8 
0='No personal business' , 2="Loss $101-$1000, no 
insurance", 3='Loss $1001-$10,000, no insurance' , 4="Loss 
$10,001-$100,000, 100% covered", 5="Loss $100,001-
$200,000, 100% covered", 6="Loss $100,001-$200,000, 50% 
covered", 7="Loss $100,001-$200,000, no insurance"  
7 Income 
Did you experience a loss of personal 
income because of the flooding? 3 
0='No', 3='Yes' 
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8 IncomeP 
Did your partner experience a loss of 
personal income because of the flooding? 3 
0='No', 3='Yes' 
9 Heirloom Loss of precious items and/or heirloom? 2 0='No', 2='Yes' 
10 Property 
Loss of personal property other than 
precious items and/or heirloom? 2 
0='No', 2='Yes' 
total      50  
Threat 
1 Strand 
How many days were you stranded in 
your home and unable to get out? 5 
0='Null', 1='1 day', 2='2 days', 3='3 days', 4='4 -7 days', 5='56 
days' 
2 NUMWarning Total number of warning received 2 2='0-1 warning', 1='2-3 warnings', 0='4-7 warnings' 
3 DYWarning 
How long before the flooding did you 
receive your first warning? 2 
2='Less than 1 day', 1='1-3 days', 0='4-7 days' 
4 LeaveTime 
How much time were you given before 
you were required to leave your home? 4 
4 ='Less than 6 hours', 3='7 - 12 hours', 2='13 - 24 hours', 
1='More than 1 day', 0='Not required to leave'. 
5 Hurt 
Were you physically hurt because the 
flood?  3 
0='No', 1='Mildly Hurt' 
6 CircleHurt 
In your circle of family and friends, was 
anyone physically hurt because the 
flood? SUM (mild injury, moderate 
injury*2, severe injury*3)  3 
0='Null', 1='1 mild injury', 2='2 mild injury or 1 moderate 
injury', 3='composite score 3-8'. 
7 CircleHurtWitness 
How many injuries in your circle of 
family and friend did you witness? 3 
0='Null', 1='witness mild injury', 2='4 mild and 2 moderate 
injury happened, did not specify which injury she witnessed', 
3='witness severe injury'. 
8 OutCircleHurtWitness 
Other than people in your circle of family 
and friends, how many people (i.e., 
strangers) did you witness being injured: 
SUM (mild injury, moderate injury*2, 
severe injury*3) 4 
0='Null', 1='1 mild injury', 2='mild injury or 1 moderate 
injury', 3='composite score 3-6', 4= 'composite score 26' 
9 ThinkDie 
Did you think you were going to die at 
any time during the flooding? 7 
0='No', 7='Yes' 
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10 CircleDie 
In your circle of family and friends, did 
anybody die because of the flood? 5 
0='No', 5='Yes' 
11 OutCircleDie 
Other than people in your circle of family 
and friends, did you personally witness 
the death of somebody because of the 
flood? 5 
0='No', 5='Yes' 
12 NUMDanger 
The total number of situations of danger 
your life was in 4 
0='0', 1='1', 2='2', 3='3', 4='4' 
13 DYDanger 
The total amount of DAYS that you were 
in danger 3 
0='Not in danger', 1='Up to a day', 2='More than 1 day and 
less than a week', 3='7-31 days'. 
total     50  
 
 
 
